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Preface
This report summarizes the Ranger TV Subsystem program. This work
was performed by the Radio Corporation of America, under JPL Contract
No. 950137, for the Jet Propulsion Laboratory of the California Institute
of Technology, Pasadena, California. The period covered by this, the
Final Report on the program, extends from July, 1961 through July, 1965.
The report is submitted in five volumes:
Volume 1
Volume 2
Volume 3
Volume 4
Volume 5
Summary
Subsystem Analysis
TV Subsystem Design
Manufacturing, Product Assurance, and Test
Evaluation
This volume, Volume 5, contains an analysis of the performance of the
Ranger TV Subsystem equipment.
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Section I
Introduction
The mission of the Ranger Spacecraft was to
obtain high-resolution close-up pictures of
the lunar surface during the terminal phase of
a lunar impacting trajectory. The TV Sub-
system was to be the imaging transducer
operating from a spacecraft-based observa-
tion platform. It was also intended that the
TV Subsystem process the video signal and
provide the power for the subsequent trans-
mission of the lunar pictures to Earth.
Any evaluation of equipment designed and built
for space application can only be based upon the
successful operation of this equipment in the
performance of its assigned mission. This is
also true of the program which led to the design
and manufacture of the equipment. The evalua-
tion of the Ranger VI, VII, VIII, and IX missions
are presented herein. These evaluations are the
basis for the conclusions reached regarding the
success of the Ranger TV Subsystem Project.
iSection II
Ranger VI Mission Evaluation
A. SUMMARY OF RANGER Vl MISSION
Ranger VI, consisting of the JPL Ranger
Spacecraft and the Flight Model III-1 of the
RCA Ranger TV Subsystem, was launched
from Cape Kennedy, AMR, on an Atlas-D/
Agena-B vehicle. Liftoff occurred at 15:49:00
GMT, January 30, 1964. Impact on the Moon
occurred 70-3/4 hours after launch. The
primary objective of the Ranger VI mission
was not fulfilled since the spacecraft did not
return television pictures of the lunar surface.
The first nonstandard event occurred when the
TV Subsystem Channel-_ telemetry inadver-
tently turned on at 15:51:30.0 GMT and trans-
mitted data until 15:52:36.5 GMT, at which
time the transmission ceased. Normal turn-on
of the Channel-8 telemetry occurred at a
time corresponding to 17 minutes after sepa-
ration of the Ranger system from the Agena
(16:36:34 GMT). Except for a brief period
during the midcourse maneuver when the JPL
telemetry was switched to Mode II operation,
reception of the Channel-8 data continued to
be normal until impact.
The first timing pulse from the TV Subsystem
clock was received, via the Channel-8 telem-
etry, on schedule at 16 hours after separation
(08:19:50 GMT, January 31, 1964). Subsequent
pulses were received as anticipated at sepa-
ration plus 32 hours, 48 hours, and 64 hours.
Because of the near-perfect trajectory and
orientation of the spacecraft as it approached
the Moon, it was decided that a terminal
maneuver would not be employed. Consider-
ing the temperatures and voltages of the Sub-
system components, as determined by reducing
the 15-point telemetry, it was further decided
to allow the Subsystem Clock to time out and
to initiate warm-up of the F-Channel of the
Subsystem at Impact minus 19 minutes. An
RTC-7 command would be sent four minutes
later to initiate warm-up of the P-Channel.
Each channel was to be activated into full
power when the 5-minute accumulators for
each channel completed timing. Because the
terminal maneuver was not performed, the
warm-up command and backup full-power
command from the JPL Central Computer and
Sequencer (CC&S) were not used.
The warm-up command to the F-Channel of
the TV Subsystem was initiated by the TV
Subsystem Clock at separation plus 64-3/4
hours {09:05:42 GMT, February 2, 1964). At
this time, a drop in the Channel-8 telemetry
point monitoring the F-battery indicated that
a warm-up load had been placed on the F-
Battery. The first RTC-7 command was initi-
ated at 09:08:00 GMT and verified by telemetry
from the Spacecraft Bus. The state of the
P-Channel warm-up was confirmed by both a
drop in the P-Channel battery voltage and the
presence of the 30-second accumulator pulse
on the Channel-8 telemetry. No indications
of full power were received from either the
F- or the P-Channels after five minutes of
warm-up, and no video was received at the
Goldstone DSIF ground station. A second RTC-7
command was initiated at 09:15:29 GMT and
verified; however, emergency telemetry was
not received. The third RTC-7 command was
initiated at 09:19:20 GMT and verified. Impact
occurred at 09:24:33 GMT. No video, 225-kc
telemetry, or emergency telemetry was re-
ceived from the TV Subsystem.
Subsequent playback of the magnetic tape
records obtained at the Goldstone ground
station through narrow band-pass filters and
processed through a computerized autocorre-
lation program failed to produce evidence of
data transmission from the TV Subsystem.
3
iTable 1, below, presents in chronological
order essentially all of the discrete events
pertaining to the Ranger VI Spacecraft, from
the time of power turn-on for the countdown
until the spacecraft impacted on the Moon.
Some of the data contained in the sequence
were extracted from spacecraft telemetry
recorded by DSIF and ETR tracking stations
and reduced at JPL.
B. ANALYSIS OF THE POSSIBLE CAUSES
OF FAILURE
1. General
Immediately following the impact of the Ranger
VI Spacecraft on the Moon, an evaluation team
made up of RCA and JPL personnel initiated
an analysis to determine why the Ranger VI
system failed to return expected photographic
information of the lunar surface. This joint
investigation was carried out at JPL through
February 14, 1964, following which time, the
analysis was continued at AED by the RCA
personnel.
The initial investigation at JPL centered on a
single failure mode that could have occurred
during the terminal phase of the mission and
could be correlated with the telemetry infor-
mation obtained. As part of this investigation,
a thorough search of the tapes recorded during
the terminal phase of the mission was per-
formed, using special techniques of spectrum
analysis and correlation detection. These tech-
niques would have enabled the detection of the
presence of any signal emanating from the
TV Subsystem Transmitters, including that
normally obtained during Subsystem warm-up,
or even the spike that could be expected dur-
ing a transmitter-chain failure. Since the
tapes were completely devoid of any signal
for either channel, it became c/early apparent
that the failure occurred prior to the terminal
phase of the Ranger VI mission.
The Channel-8 telemetry received indicated
that the TV Subsystem operated as expected
from Agena-separation plus 17 (S+ 17) minutes
until the turn-on of the F-Channel by Clock
command. There was no significant drain on
either the P- or F-Channel battery; the tem-
peratures of the batteries stabilized after S+ 10
hours at +20 degrees C above nominal, but
well within the design limits of the Subsystem.
Any failure occurring during the cruise mode,
which could have caused the loss of both
transmission channels, would most probably
have been detected on the combined RCA and
JPL telemetry.
With the limited information available for
evaluation, the analysis was concentrated on
the period of booster-engine separation, at
which time four inadvertent frames of Channel-
8 telemetry were received. The analysis first
attempted to determine the most probable
failure mode that could have occurred during
this period, and then sought to isolate the
mechanism that could have caused this failure
mode.
2. Failure-Mode Analysis
Each group of assemblies within the TV Sub-
system was analyzed to determine whether
a single failure within that group and isolated
within that group could have caused the Sub-
system to fail. These investigations indicated
that the two most probable failure modes had
to occur early in the Ranger VI mission.
One potential area of failure was a loss of a
connection between the Four-Port Hybrid Ring
on the TV Subsystem and Case 2 on the JPL
Bus. This failure would satisfactorily explain
the complete loss of RF. However, studies at
JPL indicated that a break in the connection
would have caused a change in the level of the
JPL signal. For such a signal change to occur
and not be noticed would require that it occur
very early in the mission. If the connection was
made correctly at the Explosive-Safe Area
(ESA), the environment required to cause a
complete loss of RF would have had to be
more severe than that apparently encountered
during the Ranger VI mission. It should also
be noted that this failure mode could not, of
4
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TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION
Mission
GMT Subsystem EventTime
T-210m
T-175m
T-160m
T-130m
T-128m
T-12 6m
T125m
T-113m
T-100m
Jan 30 (030)
10:22:00
11:00:00
11:22:23
11:22:58
12:17:01
12:19:02
12:23:39
12:35:26
12:48:11
12:57:00
13:09:20
13:15:50
OSE
D/E
RAD
D/E
D/E
D/E
TV
TV
OSE
CMD
A/C
CCS
OSE
RAD
OSE
RAD
PWR
PWR
Turn on S/C external power (trans-
ponder, data encoder, CC&S, gyros
on)
Mode 2
Transfer to high gain antenna
Commutator fast stepping
Commutator stopped
Commutator running, Mode 1
Ch-8 telemetry on (starts on seg-
ment 15)
Ch-8 telemetry off (stops between
segments 2 and 3)
Transmit two RTC-O's and one RTC-
2
RTC monitor blip (B-20)
Antenna hinge preset to 135 deg
Clear relay check event (B-2-1 blip)
Transmitter off (begin RF frequency
checks)
S/C receiver out of lock
Transmitter on
S/C receiver in lock
S/C to internal power (battery volt-
age checks)
S/C to external power
TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission
Time
T-55m
T-42m
W-5m
T-2m
T-lm
T+0
L+0
GMT
14:07:05 OSE
RAD
OSE
RAD
OSE
RAD
RAD
D/E
PWR
CCS
CCS
VEH
14:11:50
14:19:40
14:19:54
15:15:27
15:43:50
15:47:02
15:48:01.8
15:49:00
(Approximate)
15:49:09.092
Subsystem
VEH
PWR
D/E
Event
Transmitter off (RF frequency
checks)
S/C receiver out of lock
Transmitter on
S/C receiver in lock
Transmitter off
S/C receiver out of lock
A) 960. 028599 Mc D)
960. 051951 Mc
B) 890. 047290 Mc E)
-. 0078 volts
C) 960. 051034 Mc F)
76 deg F
Transfer from high-gain to omni
antenna
Rate 4 (H9) sync pulse ends
S/C to internal power
Release inhibit, start launch counter
Clear relays event (B-2-1 blip)
Ignition (launch plan 30E, azimuth
95 deg)
Liftoff (umbilical removed)
Monitor voltages increase 5% (OSE
load removed)
Address 66frequency drops 2.8 cps
(OSE load removed)
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TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission
Time
L+2m
L+137s
L+140s
L+288s
L+305s
L+306s
L+310s
GMT
15:51:26.16
15:51:29. i0
15:5i:29.26±. 05
15:51:29.7±.2
15:51:30.0
15:51:55
15:51:59.0
15:52:36.5
15:53:57.27
15:54:13.90
15:54:15.13
15:54:18.72
Subsystem
SFA
VEH
VEH
(DSIF-71)
(ETR-1/Tel I1)
TV
(DSIF-71)
D/E
TV
TV
VEH
VEH
VEH
RAD
VEH
VEH
VEH
Event
Squib firing assembly armed by g-
switch (no telemetry)
Mark 1
Mark 2
Rcvr AGC starts sharp drop, loses
lock with S/C carrier.
Agena carrier and all subcarriers
unchanged.
Ch-8 telemetry on; starts between
segments 2 and 3; channel noisy
Receiver back inlock (RF returns to
previous level)
Start of occasional 1-sec frequency
shifts (up to 2 cps) on J-deck samples
Ch-8 noise disappears
Ch-8 telemetry off, (stops between
segments 9 and 10)
Mark 3
Mark 4
Shroud ejection {Mark 5)
Omni-anteIma coupler removed, RF
drive up 2 db
Atlas-Agena separation (Mark 6)
Agena 1st ignition (Mark 7) (still over
Cape)
Agena 1st cutoff (Mark 8) (over
Antigua)
TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission
Time
L+2 3m
L+3Om8s
L+30ml4s
S+0
GMT
16:12:01.8
16:18:33
16:19:17.20
16:19:23.20
16:20:32
16:30:47
16:35:44
Subsystem
CCS
RAD
VEH
VEH
(DSIF-51)
RAD
VEH
VEH
BYCT
TV
CCS
RAD
D/E
RAD
RAD
Event
Transmitter power up command
(B-2-1) (over Ascension)
Plate volts from 150 to 250, omni
drive to 35 dbm
Agena 2nd ignition (Mark 9) (over
YANKEE)
Agena 2nd cutoff (injection)
(Mark 10) (over YANKEE)
Transmitter turned on (for pos-
sible RTC-7's)
S/C receiver in and out of lock
for next 2 6 min
S/C-Agena e ie c tr ic al disconnect
(Mark ii) (over YANKEE) (Remove
S/C telemetry from Agena carrier)
S/C-Agena s e p a r a t i o n (Mark 12)
(over Pretoria YANKEE)
Start BU command timer
Start Electronic Clock
Relays unclamped
S/C receiver in lock with DSIF-51
transmitter (MTS T/M in lock)
No more noise on J-deck measure-
ments
S/C receiver out of lock (i0-sec
dropout DSIF-59)
S/C receiver locked up with DSIF-51
transmitter (after 70-sec ground re-
ceiver dropout)
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TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission
Time
S+17m
L+60m
L+63m
L+211m
L+270m
GMT
16:36:34
16:42:13
16:44:01
16:49:01.8
16:50:06
16:52:01.3
16:52:01.8
16:53:50
16:53:30
16:57:13
19:20:02
19:40:40
19:45:00
20:25:00
TV
RAD
RAD
CCS
SFA
s/c
CCS
A/C
D/E
PWR
A/C
Subsystem
A/C
CCS
A/C
A/C
A/C
DSIF-41
Event
Ch-8 telemetry on, starts between
segments 9 and 10
S/C receiver out of lock (followed by
16- sec dropout)
Locked up 2-way with DSIF-41 trans-
mitter (after 10-sec dropout)
C o m m a n d s o Ia r panel extension
(B-2-1)
Fire solar panel squibs (B-2, B-2-3)
Solar panels extended (B-2-4)
Command Sun acquisition (Sun sen-
sor error signal starts)
DC power on, extend antenna, start
Sun acquisition
B-2-1 blip readout (delay due to syn-
chronization, B-2 pulses with RTC-2
commutator pulses)
Switch to solar panel power
Sun acquisition complete (yaw error
nulled)
Antenna at acquisition angle (135 deg)
Command Earth acquisition
E/S power on, start roll search
E/S threshold signal
Earth acquisition complete
Initiate RTC-0 (command sequence
stopped because of marginal ground
transmitter power)
TABLE i
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission
Time
M-70m
S+I 6 hr
M-10m
GMT
21:08:00
21:10:00
21:12:00
21:12:40
Jan 31 (031)
07:20:00
07:22:00
07:24:00
07:24:40
07:24:44
07:26:00
07:26:40
07:28:00
07:28:40
08:19:50
08:20:00
08:20:40
08:30:00
Subsystem
DSIF-51
DSIF-51
DSIF-51
CMD
RAD
DSIF-12
DSIF-12
DSIF-12
CMD
CCS
DSIF-12
CMD
DSIF-12
CMD
TV
DSIF-12
CMD
RAD
DSIF-12
Event
Initiate RTC-0
Initiate RTC-0
Initiate RTC-3
RTC monitor blip (B-20)
Switch S/C transmitter from omni to
hi-gain antenna, hi-gain drive at
normal 25 dbm
Initiate RTC-0
Initiate RTC-0
Initiate SC-1 (rollturn: 54 sec, neg)
Stored command readout: 25-0450-0
(8-20)
Capacitor cycling command (B-2-1)
Initiate SC-2 (pitch turn: 328 sec,
neg)
Stored command readout: 35-0372-0
Initiate SC-3 (ve 1o city increment:
135.1 fps)
Stored command readout: 03-2 610-1
Electronic Clock 16-hr pulse
Initiate RTC-3
RTC monitor blip (B-20)
Switch S/C transmitter from hi-gain
to omni antenna; Low-gain drive at
normal 35 dbm
Initiate RTC-4
10
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TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission GMT Subsystem Event
Time
M 08:30:39*
M+5s
M+59s
M÷9m30s
M+14m5 8s
M+26m30s
08:30:44"
08:31:38"
CMD
CCS
CCS
A/C
CCS
A/C
A/C
CCS
A/C
PWR
(TPS)
CCS
08:32:37*
08:40:08*
08:44:00*
08:44
08:45:37"
08:57:07*
A/C
D/E
CCS
SFA
PROP
A/C
RTC monitor blip (B-20)
Start maneuver counter
Start roll command (B-2-1)
E/S power off, start antenna exit,
A/P on, start negative roll turn
Stop roll turn command
Stop roll turn after 54 sec
Antenna at exit angle
Command start pitch turn
Start negative pitch turn
To power sharing mode (panels and
battery)
Telemetry out of lock (pitch through
omni-antenna null)
Command stop pitch turn, Telemetry
mode II (B-2-1)
Stop pitch turn after 328 sec
Telemetry mode II
Command motor ignition (B-2-1),
start shutoff computer countdown.
Fire motor ignition squibs (B-2-2,
B-2-3)
Motor ignition
Jetvane control, gate accelerometer
pulses to CCS
*These times read from real time SDAT analog record (approximately 1 sec behind DSIF time).
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TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission GMT Event Subsystem
Time
M+27m37s
M+30m
M+58m
08:57:2 0*
08:58:16'
09:00:38*
09:01
09:01:53"
09:02:49"
09:05
09:28:38
09:44:00*
09:44:39"
Feb. 1 (032)
00:20:11
D/E
CCS
SFA
PROP
CCS
A/C
D/E
(TPS)
PWR
A/C
A/C
CCS
A/C
DSIF-12
RAD
Temperature bridges G and D1,
measurements to Ch-2 band edge
(power supply shorted out)
Command motor cutoff after 1351
accelerometer pulses (B-2-1)
Fire motor cutoff squibs (B-2-2,
B-2-3)
Motor cutoff
Telemetry mode sun reacquisition,
Telemetry mode III
A/P off, start Sun reacquisition,
start antenna to reacquisition angle
Telemetry mode III
Telemetry out of lock briefly (turn
through null)
Switch to solar panel power
Antenna at reacquisition angle (122
deg)
Sun reacquisition complete
Command Earth re acquisition (B-21)
Earth sensor power on, acquisition
immediate
Initiate TRC-3
Switch transmitter from omni to hi-
gain antenna (B-20) hi-gain drive at
normal 25 dbm
S+32 hr TV Electronic Clock 32-hr pulse
*These times read from real time SI)AT analog record (approximately 1 sec behind DSIF time).
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TABLE 1
DISCRETE EVENTS PERTAINING TO THE RA-6 MISSION (Continued)
Mission
Time
S+48 hr
S+64 hr
S+64-3/4 hr
1-15m
S-64hr50m
1-10m
GMT
16:20:32
23:46
Feb. 2 (033)
06:00
08:11:00
08:13:00
Subsystem
TV
RAD
08:20:41
09:05:42
09:08:00
09:08:41"
RAD
DSIF-12
DSIF-12
TV
TV
DSIF-12
09:09:20
Event
Electronic Clock 48-hr pulse
Ground transmitter transfer DSIF-
41 to -51
2-way with DSIF-12
Initiated RTC-0
Initiated RTC-9
CMD
TV
TV
09:11
09:14
Electronic Clock 64-hr pulse
Electronic Clock starts F-Chan-
nel 5-min accumulator, battery volt-
age indicates warm-up
09:15:29
09:16:09"
09:19:21
09:20:02*
09:24:33
TV
TV
DSIF-12
CMD
TV
DSiF-12
CMD
TV
s/c
*These times read from real time SDAT analog record (approximately
Initiate RTC-7 (No. i)
RTC Monitor blip (B-20)
Start P-Channel 5-min accumulator
P-Channel accumulator 30-sec pulse
verifies RTC-7 advanced command
switch properly
No F-Channel full power video signal
No F- or P-Channel full power video
signal
Initiate RTC-7 (No. 2)
RTC monitor blip (B-20)
No indication of emergency mode
Initiate RTC-7 (No. 3)
RTC monitor blip (B-20)
No indication of full-power video sig-
nal
Impact
1 sec behind DSIF time).
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itself, causethe anomalousturn-on of the
Channel-8telemetry at booster-enginesepa-
ration; a second,unrelatedfailure wouldhave
to beadvancedto explainthis malfunction.
The one failure modethat appearsto explain
the completelack of RF during theterminal
modeandtheanomalousturn-onof Channel-8
telemetryduringthelaunchphase,andis sup-
portedby all of thedatareceived,is the inad-
vertent turn-on of the TV Subsystemduring
booster-engineseparation.If the TVSubsys-
tem went into warm-upor full powerat this
time, thepartial-pressureenvironmentinside
the Agena-shroudwouldproduceRF arcing.
The probability of arcing in this type of en-
vironment is supportedby considerableana-
lytical andempiricaldataandis substantiated
bythefailure that occurredin June1962,when
the proof test model (PTM} turned on in a
partial-pressureenvironment.ThePTMfail-
ure is indicative of the extent of damage
possible under the conditionsprevalent at
booster-engineseparation. The fact that a
partial-pressureconditionexistedat thattime
can be substantiatedby data receivedfrom
LockheedCorporationon the Agena-Shroud
pressures.
It couldbe inferred,therefore, thatif turn-on
of the TV Subsystemdid occur at booster-
engineseparation,severe arcing wouldhave
resulted,causingthedestructionofasufficient
numberof critical componentsto preventthe
transmission of any RF signal during the
terminal mode.Theonly datumreceiveddur-
ing the 67-secondanomalousturn-on which
requiresfurther explanationin supportof this
hypothesisof anarcing-inducedfailure is the
absenceof a pulsewhich isnormallydisplayed
on point 11of the Channel-8telemetryabout
30 secondsafter the warm-upcommandis
initiated. Thepresenceof this pulse, called
the P-Channel5-MinutesAccumulatorPulse.
indirectly indicatesthat the Intermediateand
Final Power Amplifiers, andthe P-Camera
subsystemsare in thewarm-upmode,andthat
full power will be appliedfour minutesand
thirty secondsfrom the appearanceof the
pulse. The facts indicate that the P-Channel
Sequencerwas available for producingthe
point-ll pulseduring the anomalousturn-on
since this pulse did appearlater, duringthe
terminal mode.Itmustbefurtherhypothesized,
then, that the P-ChannelSequencerwastem-
porarily preventedfromproducingthepoint-11
pulse during the anomalousturn-on. The
postulatedhigh-voltagearcing, in either the
camera electronicsor thetransmitter power
supplies,couldhavepreventedthis pulsefrom
appearingby causingone of two conditions
in theoutputof the-27.5-volt regulatorwhich
suppliesthe sequencer:
(1)The regulator outputwasless than-20
volts during the30secondsat turn-on,
in which case the accumulatorcould
nothavestartedcounting.
(2}The regulator output was initially
greater than -20 volts, but droppedto
less than -5 volts for more than 10
millisecondsbefore the 30-secondpe-
riod was reached,therebyresettingthe
accumulator.
The heavybattery drain andtelemetrynoise
lend further credenceto the possibility that
severearcingoccurredduringthis turn-on.
The Camerasfor eachchannelare powered
by their respective HCVR's through a 3-
amperefuse. The HCVR'sreachtheir short-
circuit current of 3.6 ampereswhenhigh-
voltage arcing occurs. If this arcing occurs
simultaneouslyin either two F-ChannelCam-
eras or in a minimum of two P-Channel
Cameras, the 3.6-amperecurrent from the
HCVR would be divided such that only 1.8
ampereswill be provided to eachof thetwo
Cameras, thus preventingthe destructionof
the 3-ampere fuse. This current limitation
wouldthencausethe Camerastoceasearcing,
andtheoutputvoltageof theHCVRwouldrise.
When the voltage rises sufficiently, arcing
will resume.This constitutesa motor-boating
effect, whichwill continueuntil thecomponents
fail or until the Subsystemis transportedbe-
yond the critical-pressure environment.At
14
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the same time, a similar effect is produced
in the Transmitter Power Supplies on the un-
regulated lines, which are not current-limited.
The high-voltage arcing results in a cur-
rent drain which causes the DC input to
the DC converter to stop the converter from
oscillating. The loss of the AC component
for the high-voltage transformer, as a result
of the stoppage of oscillation, causes the
arcing to stop. Removal of this shorting effect
permits the choppers to resume oscillation,
thereby again producing the high-voltage
arcing.
The Cameras and Transmitter Power Supplies,
as a result of high-voltage arcing, acted as
noise generators, drawing current as high as
60 amperes through the ground planes. These
currents could be the source of the noise on
both the baseline reference and the sampled
data points in the Channel-8 telemetry re-
ceived. The arcing could be the source of
the baseline drifts which were observed dur-
ing the initial 31 seconds of the spurious
Channel-8 turn-on. Destruction of components
in the Transmitter Power Supplies after the
31 seconds could thus have been the reason
for the abrupt reduction of the noise on the
telemetry readout.
3. Analysis of Failure Mechanism
The TV Subsystem was analyzed to determine
possible occurrences that could inadvertently
energize the Subsystem into the warm-up mode
of operation and turn on the Channel-8 telem-
etry at booster-engine separation. A logic
diagram of the command and control circuitry
is shown in Figure 1. By design, the SCR's
in the High-Current Voltage Regulators must
be gated-on to supply regulated and unregu-
lated voltages to the Subsystem to put it into
the warm-up mode of operation. In the Ranger
VI Spacecraft, three separate mechanisms
were available to provide SCR turn-on (see
Figure 2). These were:
• Energizing of relay K2 in the Distribu-
tion Control Unit (DCU);
• Output command from the Electronic
Clock; and
• Stepping of the Command Switch to the
warm-up position.
The energizing of a relay (K2) in the DCU
would cause the SCR's in both the F- and P-
Channel HCVR's to fire by tying the SCR's
to ground through 220 ohms, thereby putting
both channels into the warm-up mode of op-
eration. If the Subsystem were to go into the
warm-up mode because of the closure of the
K2 relay in the DCU, then telemetry data
points 1 and 2 would not have been present
in the Channel-8 telemetry received. Points 1
and 2 are the input and output of the Low-
Current Voltage Regulator (LCVR) and have
no connections whatsoever with the K2 relay
and therefore are not affected by its closure.
An inadvertent output command from the
Electronic Clock would turn on the F-Channel,
but not the P-Channel, into the warm-up mode
by tying the gate of the SCR in the F-Channel
HCVR to ground through 220 ohms. The P-
Channel chain, therefore, would have been
available for normal operation during the
terminal mode of operation. Since this was not
the case, it can be assumed that the inadvertent
turn-on of the TV Subsystem was not caused
by an incorrect output command from the
Electronic Clock.
There is also a possibility that the SCR gates
could have been energized directly by an
inadvertent shorting-to-ground of pins 36 and
37 of connector A34J2 in the Command Switch.
Pins 36 and 37 carry the SCR gates for the
F-Channel and P-Channel, respectively. The
connector itself is used mainly as a ground
bus and has large (_%vodifferent) solder busses
joining the ground pins together. Vibration
may have caused the solder busses to have
come in contact with pins 36 and 37, thereby
producing a short-to-ground and a firing of
the SCR's, causing the Subsystem to go into
the warm-up mode of operation. Had this
possible but improbable situation occurred,
15
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Figure 2. SCR Firing Circuit and Relay Controls
points 1 and 2 of the telemetry received during
the inadvertent turn-on of Channel-8 would
not have been present, since the LCVR would
not be activated by this turn-on.
Another possibility for the inadvertent turn-on
of the TV Subsystem would be the gating of
the SCR's in the High-Current Voltage Regu-
lators by the presence of transients in the
SCR cathode or anode circuits. It has been
indicated that SCR's will fire when a change in
the cathode-to-anode voltage occurs at a rate
of approximately 25 volts per microsecond.
In the TV Subsystem, this would require a
change in battery voltage from 0 to 35 volts
in approximately 1.75 to 2 microseconds.
This voltage change across the cathode of the
SCR could induce a turn-on mode. To carry
this a step further, it has been stated that if
the Transmitter Power Supplies were ener-
gized in the partial-pressure environment,
severe arcing would result. This arcing could
induce transients via series inductance on the
primary side to back-bias the SCR on the
anode side and cause the SCR to turn off by
reducing current flow to zero; the values for
turn-off transient need be only equal to the
voltage drop across the SCR. Thus, atransient
spike greater than one volt for 20 micro-
seconds could turn off the SCR, and it would
remain off if the blocking voltage were ap-
plied at a rate of 11 volts per microsecond
or less. The inadvertent turn-on possibility
is based on the assumption that the voltage
spike has sufficient power to overcome the
load currents. If a transient had caused the
turn-on of the Subsystem into the warm-up
mode, again, points 1 and 2 of the received
Channel-8 telemetry would not have been
present.
Therefore, the only mechanism which satis-
fies all of the data received is an inadvertent
stepping of the Command Switch. Stepping the
Command Switch to the "Warm-Up" position
during the critical-pressure e n v i r o n m e n t
would cause the SCR's in both HCVR's to fire
by grounding their gates through the center
17
tap of the switch,therebyplacingboththeP-
and F-Channels of the Subsystem into the
warm-up mode. This inadvertent stepping
would also initiate operation of the LCVR,
thereby providing an indication on points 1 and 2
of the Channel-8 telemetry. Subsequent step-
ping of the Command Switch through
"Emergency-On", "Emergency-Off", and
back to the "Zero '_ position would account for
the Subsystem turn-off.
Stepping of the Command Switch was accepted
as the most probable cause of the inadvertent
Subsystem turn-on. The investigation was then
concentrated on determining what specifically
caused this inadvertent actuation of the Com-
mand Switch. The sensitivity of the Command-
Switch relay driver is a possible cause of the
actuation. A high-impedance short, but less
than 30 kilohms, between the "RTC-7" or
"RTC-7 Simulate" input leads and ground
would cause the switch to step. An increase
in the impedance of the short to 130 kilohms
would seat the switch and reenable the driver
circuit. A subsequent reduction in the im-
pedance to the 40-kilohm level would cause
the switch to step again. If this situation was
repeated four or a multiple of four times, and
then the short cleared itself, the Command
Switch would have returned to "Zero" and
be in position to accept the actual RTC-7
command. Since this command was sent and
received during the terminal phase of the
mission and the P-Channel Accumulator pulse
was received at the correct time, it must be
assumed that the Command Switch was in the
zero position and the fault had been cleared
when the anomalous Channel-8 telemetry
turned off.
Another possible means of actuating of the
Command Switch is the actual receipt of a
series of RTC-7 commands from the JPL
Bus, due, perhaps, to mechanical chatter
or electrical short of the RTC-7 relay. Again,
it would require four or a multiple of four
actuations of this relay to return the Com-
mand Switch to the zero position and turn off
the HCVR's and the Channel-8 telemetry.
A short circuit to ground on the RTC-7 Simu-
late Command line anywhere along its route
would also step the switch. A short, open,
short, situation is again required four times,
to step the Command Switch through a com-
plete cycle back to the zero position. RTC-7
Simulate is an extension of the real RTC-7
and goes into the umbilical connector.
One possible means of stepping the Command
Switch has been advanced which appears to
have a high probability of occurrence; that is
that an arc from the cover of the umbilical
connector to the RTC-7 simulate command
line could cause the command switch to step
into warm-up. One hypothesis upon which this
failure mechanism is based considers the de-
velopment of an equipotential charge on the
entire surface of the launch vehicle and space-
craft. This static charge may be caused by
the passage of the engine fuels through the
rocket engine feed lines. As long as nothing
disturbs this charge, it will continue to in-
crease while the flow of fuel continues.
During the Ranger mission, however, achange
in the configuration of the launch vehicle does
take place which could drastically disrupt this
equipotential condition. At the time of Booster-
Engine separation the booster engine bracket
moves into the plume of the sustainer rocket.
This plume contains a great number of free
electrons and ions which cause the develop-
ment of a charge on the booster-engine bracket
that is very negative in relation to the skin
of the missile. By capacitive action, this
relatively negative charge causes the base of
the vehicle to become positive with respect to
the equipotential charge that existed on the
entire vehicle prior to booster-engine sepa-
ration. Since the total charge on that portion
of the vehicle that remains intact after booster-
engine separation would remain constant dur-
ing this very short period of time, the upper
end of the vehicle would become negative with
respect to the original equipotential charge.
This configuration is shown diagramaticallyin
Figure 3.
18
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Figure 3. Missile Configuration at Booster Jettison
The redistribution of charge thus described
would cause a considerable change in the
effective charge at the umbilical connector
on the Agena skin. Since there is no inten-
tional electrical connection between the TV
Subsystem ground and the case of the umbilical
connector, and since the only electrical con-
nection that apparently does exist is through
the bolts connecting the TV Subsystem to the
Bus, it is possible to hypothesize the existence
of a potential difference between the TV Sub-
system ground and the case of the umbilical
connector. If this potential difference were
great enough, and if a partial-pressure con-
dition existed within the umbilical connector,
then an arcing condition could exist inside
this connector. If this arcing did take place
between pin 4X, which was the RTC-7 Simulate
line, and the umbilical-connector cover then
it is quite possible that a signal would have
19
beensent to the CommandSwitchon theTV
Subsystemto step into warmup. Figure 4
showsthe locationof pin 4X in theumbilical
connectorand the relation betweenthis pin
andthelatchontheumbilical-connectorcover.
Consideringthe fact that theRTC-7Simulate
pin inside this umbilicaldisconnectplug is in
close proximity to the latching mechanism
of the door {approximately6.3 mm) andthe
connectoris malewith roundedpins (seeFig-
ure 4, b and c), it is feasible that arcing
wouldhaveexistedfrom this latchto thepin
if the difference of potentialwere approxi-
mately300 volts at analtitudeof 130,000feet
(seeFigure 5). If this voltagewerepresent
to an altitudeof 200,000feet, it is probable
that arcing wouldhavecontinuedthroughout
this altitudechange.
At the time of the anomalousreceipt of
Channel-8telemetry (GMT030:15:51:29)the
vehicle was at an altitude of 172,000feet
and an approximatepressureof 8x 10-1mm
of Hg. Experimentswere performed in a
vacuumjar with a series of potentialdiffer-
encesexistentbetweenpin 4X andthecover
of the umbilical connector.Arcingtookplace
at apotentialof +350voltsappliedtothecover
plate with the CommandSwitchat zerovolts
anda pressureof approximately1mm of Hg
{Equivalento analtitudeof 150,000feet.)The
wafer switchsteppedintothewarm-upposition.
This step wascausedby an arc betweenthe
umbilical connectorcover latch andpin 4X
(RTC-7 Simulate).The vacuumjar continued
to beevacuateduntil th_pressurelevel reached
approximately1x 10- mm of Hg (equivalent
to an altitude of 250,000feet). Arcing was
seenthroughouthis pressurechangeandthe
wafer switch in the CommandSwitchstepped
through"Emergency-On","Emergency-Off",
andbackto "Zero" whereit stopped.
Thesetestsprovethat sucha failure mechan-
ism canbe duplicatedandthereforeis highly
possible.Sinceno other methodof actuating
the CommandSwitchhas beenadvancedwith
as high a probabilityof occurrence,arcing
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Figure 5. Characteristics of Potential Breakdown
in the umbilical connector was considered
as the prime suspect for the cause of the
Ranger VI failure.
4. Design Study
Based on a comprehensive design study, sev-
eral modifications were incorporated into the
Ranger TV Subsystem to provide a greatly
increased probability of success for the Ranger
VII mission. The design study was initiated
immediately following the unsuccessful Ranger
VI mission and was performed concurrent
with and in accordance with the results of
the Ranger VI failure investigation. The design
study was concentrated on major modifications
in two areas of the Subsystem, with some
additional portions of the Subsystem considered
for design refinements.
The areas in which majordesign modifications
occurred were the Command and Control cir-
cuitry and the 15- and 90-point telemetry. Be-
cause the inadvertent stepping of the Command
Switch was held to be the most probable cause
of turn-on of the Ranger VI TV Subsystem
into the warm-up mode, it was decided to
simplify the entire Command and Control cir-
cuitry and provide more reliable methods for
turn-on and turn-off of the Subsystem.
Following the analysis of the potential prob-
lem areas in the Ranger VI Command and
Control circuitry, the command pholosophy and
logic were revised in such a manner that po-
tential problem areas were at least mini-
mized if not completely eliminated. Circuits
were then developed to meet the new philo-
sophical and logical requirements. These cir-
cuits were developed with the following
objectives in mind.
• Prevent premature turn-on of the
Subsystem;
• Permit immediate Subsystem turn-off, if
it became necessary.
• Retain the good features of the former
Command and Control circuit; and
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• Utilize existing hardware wherever
possible.
All of the revisedcommandlogic andcircuits
developedwere analyzedfor both real- and
hypothetical-faultconditions.Eachcircuit was
thenanalyzedinaworst-easeconditiontocheck
analyticallythe"choiceof componentparts.
COMMAND PHILOSOPHY AND LOGIC REVISIONS
The following changes were made in the philo-
sophy and logic of the Command and Control
circuitry:
• Circuit effects on the battery SCR were
minimized;
• Clock control was revised for single bat-
tery dependence;
• Inadvertent command initiation during
launch was prevented;
• The continuous latching effect of the CC& S
warm-up relays was removed;
• The RTC-7 command systemwas revised
for exclusive turn-on of both channels
with complete channel redundancy;
• Clock-output command was retained;
• CC&S full-power command was retained;
• The time for the Sequencer full-power
command was changed from 5 minutes
to 80 seconds;
• The RTC-5 command was revised to in-
corporate the added function of turning
off the Subsystem;
• The reduced-power command was revised
so that it was inhibited during flight;
• All ground checkout commands from the
blockhouse were eliminated, with the ex-
ception of one, which was used to enable
on-board commands. This command was
isolated from a single fault mode.
A revised Command and Control circuitry in-
corporating these logic modifications was de-
veloped and employed in Ranger VII.
5. Post Flight Thermal Analysis
a. THERMAL-VACUUM TESTS
Immediately following the flight of the Ranger
VI Spacecraft, preparations were made to per-
form the following thermal-vacuum tests on
Flight Model III-4 TV Subsystem at AED:
(a) A test duplicating the real-time flightof
the Ranger VI Spacecraft. Temperature
curves obtained from the Ranger VIte-
lemetry were used as a guide for inputs
to the fin heaters. The fin inputs were
known at this point). The fin inputswere
adjusted in such a manner as to cause
the test-vehicle temperatures to follow
the above mentioned curves and at the
same time, where possible, maintain
the usual ratio of inputs to the fins.
This temperature-time duplication is
shown in Figure 6. The resulting fin
heater input energy for this test is
shown in Table 2.
(b) A test establishing "nominal" tempera-
tures on the vehicle usingthe pre-flight
calculations for the fin inputs. This test
104 " 4540
*--- 95 " 35
IJd " I,d
ne 90 " n,"
I-- 86 " I_ 30
q
n- 8F,- n"
bJ ,.i
(1. 77 - ,n 25
t,d 72 - lid
I-- I'-
68 " 20
15
HAT TEMPERATURE (-YSIDE)
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Figure 6. Actual versus Simulated Temperature Profile
for Ranger VI Top Hat, Y Axis
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verified that the III-4 Subsystem was
thermally akin to the Ranger VI Space-
craft. The temperatures obtained were
those previously called ' 'nominal". The
fin energy input is shown in Table 2.
(c) A test establishing a temperature field
on the Subsystem 10 degrees C lower
than the temperatures obtained from
the flight duplication test. This test was
called the revised flight test. Table 2
TABLE 2
THERMAL INPUT ENERGY
Finish
Ident.
A
B*
B**
C
D
E
F
Totals
Pro i.
Finish
Area
Inches2
58.5
53.2
16.4
68.4
74.7
45.2
50.1
366.5
{I
Value
0.65
0.65
(0.65)
0.41
0.82
O. 82
0.41
(0.84)
O.65
Calculations for Ranger III- 1
Original
Input
Calculation
S=0.9
Input
Without
Reflection
S'-0.93
Input
With
Reflection
S=0.93
Value
Calculations for Ranger 111-2
Input
Without
Reflection
S-'O.87
Input
With
Reflection
S=0.87
Watts Watts Watts Watts Wafts
34.3 35.4 44.7 0.58 29.5 38.9
31.1 32.2 45.0 0.58 26.9 43.0
i0.0
52.2
57.0
17.2
39.1
9.7
54.4
58.6
17.2
39.7
50.5
(0.93)
0.58
0.77
0.77
0.20
(o. 81)
0.58
55.1
13.3
45.8
50.0
7.9
35.3
16.7
37.9
48.1
51.9
7.9
36.0
253.3 243.1 259,6 - 208.7 225.8
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TABLE 2
THERMAL INPUT ENERGY (Continued)
Finish
Ident.
Test Data (From 111-4Tests) (m-k)
Comparisons
(m-n) (e-h)
k m n p r s
Increase,
Nominal
to
111-1
Flight
Duplication
Revised
Flight
Test
Decrease,
II1-1 Fit.
to
Nominal
Input
Test
Calculated
Decrease,
II1-1 to
Test III-I Fit. Revised 111-2
Watts Watts Watts Watts Watts Watts
A 34.4 48.5 37.9 14.1 10.6 5.8
B* 42.0 60.3 56.1 18.3 4.2 2.0
B**
C 51.4 70.7 66.3 19.3 4.4 6.3
D 55.1 71.0 64.0 15.9 7.0 6.7
E 16.7 19.9 10.1 3.2 9.8 9.3
F 37.8 32.3 32.4 -5.5 -0.1 3.7
Totals 237.4 302.7 266.8 65.3 35.9 33.8
(a) Indicates Effective Absorption Value. S = Solar Constant (watt/in 2)
Corresponding
Component
Battery
Near Vidicon Face Plate
Thermal Shield- Hat (-Y)
Thermal Shield Below Fin A (-Y)
Camera Electronics
c d e g h
15 18 23 7 14
16 19 20 6 8
27 30 31 16 18
16 19 25 9 15
15 18 23 7 15
Calculated Temperatures
k m n
14 36 26
14 28 19
27 39 30
16 38 27
14 35 27
Measured Test
Temperatures
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indicates the fin energy input for this
test. Energy loss calculations are pre-
sented in Tables 3 through 5. A calcula-
tion of the average radiation coupling
factor (K} from the Subsystem surface
to the chamber wall is given at the
bottom of these tables. The agreement
in the calculated values of K for the
three tests (880, 887, 887, in 2) indi-
cate that good energy balances were
achieved.
The key thermal information obtained from
these tests can be summarized as:
• Flight Duplication Test-Provided the
values of input energy that may rep-
resent the energy absorbed during the
flight of the Ranger VI Spacecraft.
• Nominal Test - Verified that the
Flight Model III-4 was thermally the
same as Flight Model III-1 (Ranger
VI).
• Revised Flight Test - Indicated the
amount of energy input reduction re-
quired to reduce the temperatures of
the flight duplication test by approxi-
mately 10 degrees C.
b. ANALYTICAL CALCULATIONS
The thermal control of the Subsystem during
cruise mode is almost entirely dependent
upon the external environment; the internal
power dissipation is so small as to be an in-
significant input during normal cruise opera-
tion. However, a large internal power dis-
sipation during the cruise phase would cause
a large temperature increase on the Subsys-
tem due to the "semi-insulated" design con-
figuration. One postulation that would explain
the higher flight temperatures of the Ranger
VI Spacecraft was that there was abnormal
internal power during cruise mode. This
theory is discounted since the dissipation
would have to occur for the entire flight;
battery telemetry did not indicate this to be
true. Therefore, if unusual internal power
dissipation effects are discounted, the higher
temperatures must be due to external effects.
Another _ssumption is that the unknown cause
of the discrepancy may be isolated to energy
inputs, that is the energy-loss parameters
(emissivity, surface area) did not change
from those determined via thermal-vacuum
testing. Many precautions are taken to see
that the emissivity of the large polished
aluminum skin area does not change from
testing to flight, including frequent repolish-
ing to remove oxides and residue and using
strip coat as a protective cover.
Thus, the cause of the discrepaneywas placed in
the area of external energy input. This input is
due to the solar energy available at the vehicle
surface, the energy composed of two com-
ponents:
(1) Solar energy arriving at the surface
directly.
(2) Solar energy arriving at the surface
indirectly, i.e., reflected from other
surfaces.
A calculation of total energy absorbed is re-
quired. This is a simple task for the ease of
directly incident solar energy, since the ab-
sorbed amount is given by:
qa_ = [SApa]_
whe re:
Q_); = direct solar energy absorbed by sur-
face i
S = solar intensity constant
= projected area of surface i to the
solar field
= solar absorptivity of surface i
The energy absorbed for the indirect or re-
flected solar energy case can be computed by:
QRij = [SAp(l-a)]i Cij
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TEMPERATURE
Item
Fin F
Fin E
Hat Skin
Flange D
Fin D
Skin C -- D
BALANCE
A
Area
(In 2)
48.1
45.24
666.
33.1
149.4
491.
TABLE 3
AND ENERGY LOSS, FLIGHT DUPLICATION
B
Effective
(E)
0.98
0.89
O. 05
0.88
0.89
O. 05
AxB
(In 2 )
47.14
40.26
33.30
29.13
133
24.6
Temp
T
(oc)
47
72
38
4O
4O
37
crT4
( Wall/In 2 )
0. 383
0.518
TEST
0.342
0.350
0.350
0.337
Camera Holes 151 0.98 148 37 0.337
Electronics Shield 67 0.94 63 1 0. 206
Flange C 31.3 0.88 27.54 42 0. 360
123.90.89 42
0.05 35.7 37
0.88 38.46 38
0.89 123.9 38
Fin C 139.2
0.05
O. 88
0.05
27.5
43.38
28.9
38
38
37
Skin B -- C 714
Flange B 43.7
Fin B 139.2
Skin A -- B
Flange A
Skin Below A
550
49.3
579
0.360
0. 337
0. 342
0.342
Energy
Loss
(Wa.s )
18.1
20.9
11.4
10.2
46.6
8.3
49.9
13.0
9.9
44.6
12.0
13.2
42.4
0. 342 9.4
0. 342 14.8
0. 337 9.7
Base Ring 160 0.02 3.2 32 0.316
Legs 129 0.30 38.7 32 0.316
Fin A 117 0.89 104.1 38 0.342
Y. AxB= 1113.7 Total Energy Loss
1.0
12.2
35.6
383.2
QIN = 302.7
266.8 = 887 in 2
K' =
(aT4)Avg. 334.8 - 0.301
- 1113.7 TA"g"
- 28.2oC
26
VOLUME 5 SECTION II
TABLE 4
TEMPERATURE BALANCE AND ENERGY LOSS, NOMINAL TEST
A B Temp Energy
Item Area Effective AxB T o"T4 Loss
(In 2 ) (_) (In2) (oc) (Watt/In2) (Watts)
Fin F 48.1 0.98 47.14 42 0.360 17.0
Fin E 45.24 0.89 40.26 52 0. 407 16.4
Hat Skin 666 0.05 33.30 26 0.292 9.7
Flange D
Fin D
Skin C -- D
Camera Holes
Electronics Shield
Flange C
Fin C
Skin B -- C
Flange B
Fin B
Skin A -- B
Flange A
Skin Below A
Base Ring
33.1 0.88 29.13 23 0.280 8.2
149.4 0.89 133 23 0.280 37.2
491 0.05 24.6 18 0.262 6.4
151 0.98 148 18 0.262 38.8
67 0.94 63 -13.5 0.164 10.3
31.3 0.88 27.54 20 0.269 7.4
139.2 0.89 123.9 20 0.269 33.3
714 0.05 35.7 17 0.258 9.2
43.7 0.88 38.46 17 0.258 9.9
139.2 0.89 123.9 17 0.258 32.0
550 0.05 27.5 16
49.3
0.255 7.0
0.88 43.38 16 0.255 11.1
579 0.05 28.9 15 0.251 7.3
160 0.02 3.2 12 0.241 0.8
129 0.30 38.7 12 0.241 9.3Legs
Fin A 117 0.89 104. 1 16 0.255 26.5
_AxB= 1113.7 Total Energy Loss 297.8
0 m = 237.2
K 237.2 (oT4)Av9 297.8 = 0.267 = 19.4oc
- .267 - 887 in 2 • = 1113.7 TAvg.
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TABLE 5
TEMPERATURE BALANCE AND ENERGY LOSS, REVISED FLIGHT TEST
Item
Fin F
A
Area
(In 2)
48.1
Energy
Loss
(Watts)
16.1
Fin E 45.24 11.8
Hat Skin 666 10.1
Flange D 33.1 9.2
Fin D 149.4 42.0
Skin C -- D
Camera Holes
Electronics Shield
Flange C
Fin C
491 7.6
151 45.6
67 11.8
31.3 8.9
B
Effective AxB
(E) ( In2 )
0.98 47.14
0.89 40.26
0.05 33.30
0.88 29.13
0.89 133
0.05 24.6
0.98 148
0.94 63
0.88 27.54
0.89 123.9
0.05 35.7
0.88 38.46
0.89 123.9
0.05 27.5
0.88 43.38
0.05 28.9
0.02 3.2
0.30 38.7
0.89 104. 1
139.2 40.1
Skin B -- C 714 10.7
Flange B 43.7 11.5
Fin B 139.2 37.2
Skin A -- B 550 8.3
Flange A 49.3 13.0
Skin Below A 579 8.4
Base Ring 160 0.9
Legs 129 10.4
Fin A 117 31.2
Temp a T4
T
(°C) (Waft/In2)
38 0.342
26.5 0.292
29 0.304
32 0.316
32 0.316
30 0.308
30 0.308
-5 0.188
34 0.324
34 0.324
28 0.300
28 0.300
28 0.300
28 0.300
28 0.300
26 0.292
20 0.269
20 0.269
28 0.300
Total Energy Loss
QIN = 266.8
334.8
266.8 334.8 0.301K = _= 887 in 2 (aT4) Avg. = 1113.7 - T Avg" = 28.2°C
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where:
QRIj
C..
ii
= direct energy reflected by surface i
that is absorbed by surface i.
= solar reflection coupling factor.
This expression is no more complex than that
written for the direct input if Cii is known.
However, obtaining the value of Cii is a com-
plex calculation which requires use of a large
computer. This solar reflection coupling factor
is a complex function of the absorptivities
of the reflecting surfaces, andthe configuration
factors relating the reflecting surfaces. Values
of Cii from computer analysis are given
for selected vehicle absorptivity values in Fig-
ures 7 through 16.
The configuration factors (4_i) used to obtain
these values are shown in Table 6. Table 7
gives computer values for the I.R. coupling
factors (Kii) for the vehicle. These factors
are used for energy loss calculations and are
computed in the same manner as ¢ii except
emissivities are substituted for solar ab-
sorptivities.
Computations of the absorbed energy flight
were performed for the III-1 vehicle as shown
in Table 2. Prelaunch column (b) absorptivity
values were verified with the refleetometer at
ETR. Column (c) represents the original (be-
fore flight) input based upon these a values.
For this set of calculations, a nominal solar
constant of 0.90 watt/in 2 was used, and re-
flection inputs were assumed to be minor and
neglected. This was done for "safety" rea-
sons since the primary thermal concern was
for maintaining the battery temperature above
10 ° C. The reasoning was that the calculation
would indicate a conservative cruise temper-
ature and the reflection input in flight would
be additional insurance against a cold battery.
Calculations based on this input would yield a
battery temperature of 15 ° C and a vidicon
housing temperature of 16 ° C.
Column (d) of Table 2 indicates the input for
Flight Model III-1 for a solar constant of 0.93
watt/in 2 (the actual value for the January
launch). The yearly variation in the solar
constant is approximately _-3.3%. Column (e)
indicates the input for the higher solar con-
stant, and includes the effect of solar re-
flections. It can be seen that reflections ac-
count for 16.5 watts additional input, while
the higher solar constant yields about 8 addi-
tional watts input. Accounting for the higher
solar constant and solar reflections in the in-
put calculation results in predicted battery
and camera housing temperatures of 23 and
20 ° C respectively. Table 8 gives a compari-
son of the maximum input calculation for
Flight Model III-1 and the data obtained from
the flight duplication test. A total of 43 watts
of energy remain unaccounted for. Possible
sources of this differential are indicated
in Table 8.
In selecting the thermal finish to be used
for Flight Model III-2, a "compromise" de-
sign modification was selected as a solution
to the problem. Values of solar absorptivity
were applied that reduced the energy input
only enough to produce a temperature field of
approximately 10 ° C lower than that obtained
during the Ranger VI Mission. Table 2,
column (f), indicates the approximate values
of absorptance used on Flight Model III-2.
Note that only two gray paints were required.
The calculated energy inputs are shown in
columns (g) and (h) for these values. The
input of column (g) represents a "worst con-
dition" low-temperature situation (no reflec-
tions accounted for), based upon the III-1
flight. Column (h) represents what might be
called the lower bound of the nominal temper-
ature range. The values were computed using
the same techniques as for Flight Model III-1
computation.
This upper temperature bound was obtained
as follows:
• Test data existed on the input required
to duplicate the Ranger VI flight.
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• Test data existed on the input required
to establish a temperature balance at
10 ° C below the level of Ranger IV
flight; and
• The difference in input between the two
tests was determined. This difference
was related to the amount of reduction in
the value of solar absorptivity required
on the respective fin surfaces.
Column (r) of Table 2 indicates the difference
in input between the two tests to be 36 watts.
Column (s) indicates the difference between
Flight Models III-1 and III-2 calculated in-
puts to be 34 watts. Therefore, the upper
nominal temperature bound was determined.
At the bottom of Table 2, temperature values
are indicated for the components which were
monitored on the 15-point telemetry for the
Ranger VII flight. These values represent the
equilibrium temperatures (achieved after ap-
proximately 40 hours of cruise-mode flight}.
The values in columns (c) through (h} are cal-
culated while those in columns (k} through (n}
are measured test data. The temperature cal-
culations are obtained by utilizingthe equations
given in Table 9. These equationswere obtained
by fitting thermal-vacuum test data of Block III
vehicles to a straight line approximation using
the technique of "least squares". Accuracy of
these equations is on the order of _-3° C over the
temperature range of 15 ° C to 35 ° C.
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Fin D Top
Flange D
Hat Skin
Fin C Top
Fin D Bottom
Flange C
Skin C to D
Fin B Top
Fin C Bottom
Flange B
Skin B to C
Fin A Top
Fin B Bottom
Flange A
Skin A to B
TABLE 6
RANGER CONFIGURATION FACTORS (._ii)
Fin D
Top
0
O.565
O.014
Fin C
Top
0
0. 060
0.470
0.017
Fin B
Top
0
O.022
O.415
O.010
Fin A
Top
0
0.030
0. 350
0.010
Fin A
Bottom
Fin
Flange C
0.250
0
0
Fin D
Bottom
O.060
0
0
0.065
Fin C
Bottom
0.022
0
0
0.040
Fin B
Bottom
0. 040
0
0
0.065
Skin
Below A
Hat
Skin
0.130
0
0
Flange
C
0.210
0
0
0
Flange
B
0,260
Flange
A
Space
0.620
0.435
0.986
Skin
CtoD
0.120
O.430
0
0
Skin
Bto C
0.100
0.440
0
0
Space
0.610
0.510
0. 530
0.918
Space
0.618
0.538
0.585
0.950
Skin
AtoB Space
0.290 0°080 0.590
Fin A Bottom
Skin Below A
0
0. 048
0.480
0
Space
0.520
0.952
0. 510
0
0
0.460
0.650
0.925
_ij _ Percent of the Thermal Energy leaving surface i that arrives at surface j.
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TABLE 7
IR COUPLING FACTORS (Kii) FOR RANGER
From
Fin D Top
Flange D
Hat Skin
Fin C Top
Fin D Bottom
Flange C
Skin C to D
Top
FinD
_0. 012
0. 502
0
Top
FinC
_0. 012
0. 021
0.394
0. 015
Flange
D
0.220
-,_0. 014
0
Bottom
Fin D
0. O54
-_0. 024
0
0. 060
Hat
Skin
O. 006
0
0
Flange
C
0.194
0
_0.010
0
Space
0.762
0.484
1.000
Skin
CtoD
0.006
0. 021
0
0
Space
0. 734
0. 934
0. 596
0. 925
Top Bottom Flange Skin SpaceFin B Fin C B Bto C
0.019
_0.016
0
0.036
BoSom
Fin B
0. 037
_0. 030
0
0. 058
Skin
Below A
0. 023
0
Fin B Top
Fin C Bottom
Flange B
Skin B to C
-,_0. 012
0. 019
0.370
0. 009
Top
FinA
_0. 012
0. 027
0.310
0. 008
0.230
0
"-_0.010
0
Flange
A
0.258
0
_0. 010
0
Space
0. 960
0.960
BoSom
Fin A
_0. 019
0. 043
Fin A Top
Fin B Bottom
Flange A
Skin A to B
0. 005
0. 021
0
0
Skin
AtoB
0. 004
0. 026
0
0
Fin A Bottom
Skin Below A
0. 734
0. 944
0. 620
0. 955
Space
0.689
0.917
0.780
0.930
Where: g_i _ Percentage of the energy radiated by body _ that is absorbed by body
Energyfrom iabsorbedby i(net)= qq=A_ _:_Kii [TI4-Ti 4]
Values of emissivity used to calculate these factors:
>: top of fins = 0.89 _: flanges = 0.88
bottom of fins = 0.90 Z skin = 0.05
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TABLE 8
INPUT ENERGY NOT ACCOUNTED FOR ON FLIGHT MODEL II1-1
Fin
Identification
A
B
C
D
E
F
Actual Energy
Input for II1-1
{from Test Data)
Watts
48.5
60.3
70.7
71.0
19.9
32.3
Maximum Input
Calculation
for II1-1
Watts
44.7
45.0
54.4
58.6
17.2
39.7
Input Energy Not
Accounted For
Watts
3.8
15.3
16.3
12.4
2.7
-7.4
Totals 302.7 259.6 43.1
Possible Cause of Discrepancy Comment
Incorrect solar absorptivity values
Oscillation of capsule about z-axis
Solar reflections from bus, solar
panels, and fin surfaces
Yearly variation in solar constant
I.R. inputs from bus and solar panels
Errors in measurement of tern-
Measurement error can be ±5% however good agree-
ment on values between RCA/JPL/STL.
Variation _ 0.2 ° per JPL. Thus not significant.
Accounted for in part but values could be higher due
to the large areas of polished aluminum on capsule.
Accounted for in above calculation (normal variation
±3.3%).
Accounted for in thermal-vacuum testing.
Not significant since error _. 1 ° to 2 ° C.
perature during T/V testing
1/2 o sun angle decollimation
Solar panels not locked in 90 °
position
Not significant since intensity is low in decollimated
areas.
Would cause solar reflections to capsule - but did not
occur per JPL.
Incorrect temperature telemetry
Equipment operating during cruise
inside capsule
Solar constant much higher than
stated by literature
Errors in values of emissivity of
fins or polished skin
Estimate max. error =_° C.
Theoretically would cause higher temperatures --
however battery telemetry discounts this source.
Not true since bus and solar panel temperatures
normal.
Little effect as long as the values do not change after
the thermal-vacuum verification test. Every effort
made to protect the surfaces via strip coat and covers.
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TABLE 9
EQUATIONS TO CALCULATE TEMPERATURES OF SELECTED COMPONENTS FOR RANGER
Component Equation
BATTERY
VIDIC ON
HOUSING (Fa)
CAMERA
ELECTRONICS(-Y)
THERMAL SHIELD,
HAT (-Y)
THERMAL SHIELD,
BE LOW FIN A (-Y)
crT4 = (1"1025x10"S) X+('O'1208x IO's) Y t wattstin2
(TT 4 = (0.9697 x 10 "']) X+ (0.4767 x 10 "3) Y
_T4 : (1.1o7x1o3)x +(.o.157x 1o3)v
°T4 : (1.106x1o3)x +(0.662x 1o3)v
_T4 : (1.1286x1o3)x +(-o.16s8x1o3)v
Where :
X = QA + OB _ QC4_ O D+ QE + OF
Y =-2QA-QB+QD+2 [QE+QF] watts
Oi = Energy absorbed by fin i (watts)
T = Temperature in °K
watts
a = Stefan-Boltzmann's constant=3.657x 10"11 in 2 OK4
(Total heat input via fins) watts
NOTE: Above equations obtained from applying least squares method to thermal vacuum test data. The equations
represent an approximation of the true solution.
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Section III
Ranger VII Mission Evaluation
A. SUMMARY OF RANGER VII MISSION
1. Prelaunch
The prelaunch countdown began during the early
morning of July 28, 1964. Approximately 3
hours before launch, the Television Subsystem
was turned on in the reduced-power mode for
a final system check. Telemetry and video
indications were normal at this time. The
countdown continued, and at launch minus 25
minutes, cruise-mode telemetrywas turned on.
The telemetry data, evaluated by both the ETR
launch team and the System Data Analysis
Team at the Space Flight Operation Facility
in Pasadena, California, indicated that all
assemblies of the TV Subsystemwere function-
ing normally.
2. Launch
The Ranger VII Spacecraft was successfully
launched from the Eastern Test Range (ETR)
at 16:50:08 GMT on July 28, 1964. The launch
was accomplished by an Atlas-Agena launch
vehicle. The complete Ranger VII Mission
Events List is presented in Table 10. At
launch, the umbilical cable was disconnected
from the launch vehicle, removing the full-
power-inhibit circuit, which permitted only a
reduced-power output of approximately 125
milliwatts from the TV Subsystem. TV
Subsystem telemetry data was received by
SDAT from the ETR during the first few
minutes of launch. It was approximately
24 hours after lift-off before the ETR down-
range data was available and evaluated. This
data confirmed that the TV Subsystem param-
eters were normal during the entire launch
phase.
The tracking station at Johannesburg, South
Africa, acquired the spacecraft approximately
31 minutes after launch and started sending
telemetry datato SDAT. The spacecraft entered
the Earth's shadow at approximately the time
of Johannesburg acquisition, where it remained
for 39 minutes. The temperature sensors
located on the external shrouds of the TV Sub-
system indicated the resulting decrease in
temperature during this time.
3. Cruise Mode
Agena-booster separation occurred at L + 32.5
minutes and generated a command to the TV
Subsystem Clock to start its 67-3/4 hour count.
Clock turn-on was verified four seconds later
on cruise-mode telemetry. Agena-booster sep-
aration also provided a backup for the re-
moval of the full-power-inhibit circuit, and
started a mechanical timer which provided
backup functions for the spacecraft. One of
these functions was to provide a circuit which
would enable the SCR gates in the TV Sub-
system High-Current Voltage Regulators at
separation plus 30 minutes. Approximately
43 seconds prior to start of the mechanical
timer, the Spacecraft solar panels were de-
ployed and activated a microswitch whichpro-
vided the initial arming of the SCR gates.
At L + 75 minutes, Spacecraft aequisitionofthe
sun was accomplished, and 2 hours and 39
minutes later Earth acquisition occurred.
Thus, the spacecraft was oriented in its normal
cruise-mode position, with the z-axis pointing
toward the sun and high-gain antenna pointing
toward the earth. The 15-point telemetry con-
tinued to indicate normal performance withthe
8- and 16-hour Clock telemetry steps occur-
ring at their predicted times. Mid-course
maneuver was initiated at approximately L + 17
hours. The channel-8 telemetry was placed
into Mode II for 13 minutes and 58 seconds
during the mid-course maneuver. While in
this mode the 15-point telemetry datafrom the
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TABLE 10
RANGER VII MISSION EVENTS LIST
Mission Event
Day 210
1. Cruise Mode On
2. Reduced Power On
3. TV Subsystem Off
4. Cruise Mode On (special
test during hold)
5. Cruise Mode Off
6. Cruise Mode On (final
turn-on before launch)
7. Launch (L)
8. Shroud Ejection
9. ETR-DSIF-71 Lost Lock
(Spacecraft over horizon)
10. Spacecraft Entered
Earth's Shadow
11. DSIF-59 Acquired Space-
craft
12. DSIF-51 Acquired Space-
craft
13. Spacecraft/Agena Separa-
tion(S) (Mark-12)
14. TV Electronic Clock-Start
Indication
15. DSIF-51 and 59 Lost Lock
(over horizon)
16. DSIF-41 Acquired (one-
way lock)
Event Time (GMT)
Actual
13_4:00
13:52:18
13:54:26
15:11:22
15:15:23
16:25:25
16:50:08
16:55:13
16:57:49
"17:21
17:21:01
17:21:38
17:22:36
*'17:22 .'40
17:32:00
17:35:24
Predicted
16:50:00
17:21:00
17:22:36
Nominal
Mission Time
L-116'
L-109'
L-106'
L-60'
L+0
S+O
S+0
_Approxirnate times, no definite indication of even,.
_Tolerance is + 0 seconds; -15 seconds.
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TABLE 10
RANGER VII MISSION EVENTS LIST (Continued)
Mission Event
Day 210 (Cont.)
17. DSIF-41 Acquired (two-
way lock)
18. TV Subsystem SCR Gates
Armed (Solar-Panel
Microswitch)
19. TV Subsystem SCR Gates
Armed (Hydraulic Timer
Backup)
20. Spacecraft Exited Earth's
Shadow
21. Spacecraft Acquired Sun
22. Spacecraft Acquired Earth
23. End of DSIF-41 Track
Period and Start of
DSIF-51 Track Period
Day 211
24. TV Electronic Clock 8-Hour
Pulse
25. End of DSIF-51 Track
Period and Start of
DSIF-12 Track Period
26. TV Electronic Clock 16-Hour
Pulse
27. Start Midcourse Maneuver
28. Mode II Telemetry on
Channel 8
29. Mode III Telemetry on
Channel 8
Event Time (GMT)
Actual
17:38.'48
"17:51:17
"17:52:00
"18:00:00
18:05:00
20 _4:00
21:57:00
*'01:22 _0
06:55:00
**09:22:40
10:00:39
10:16:43
Predicted
01:22:40
09:22:40
10:16:43
10:30:3910:30:40
Nominal
Mission Time
L+61'
S+ 30'
L + 100'
L + 241'
S+SHr.
S + 16 Hr.
M+0
M + 30'
*Approximate times, no definite indicationof event.
**Tolerance is + 0 seconds;-15 seconds.
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TABLE 10
RANGER VII MISSION EVENTS LIST (Continued)
Mission Event
Day 211 (Cont.)
30. Spacecraft Reacquired Sun
31. Spacecraft Reacquired Earth
32. TV Electronic Clock 24-Hour
Pulse
33. End of DSIF-12 Track
Period and Start of
DSIF-41 Track Period
Day 212
34. TV Electronic Clock 32-Hour
Pulse
35. End of DSIF-41 Track
Period and Start of
DSIF-51 Track Period
36. End of DSIF-51 Track
Period and Start of
DSIF-12 Track Period
37. TV Electronic Clock 48-Hour
Pulse
38. End of DSIF-12 Track
Period and Start of
DSIF-41 Track Period
39. End of DSIF--41 Track
Period and Start of
DSIF-51 Track Period
Day 213
40. End of DSIF-51 Track
Period and Start of
DSIF-12 Track Period
*Approximate times, no definite indication of event.
_Tolerance is + 0 seconds; -15 seconds.
Event Time (GMT)
Actual
10:36:00
10:58:39
*'17:22 d0
18:37:00
*'01:22:37
01:46:00
07:18:00
Predicted
17:22:40
01:22:40
17:22:40
Nominal
Mission Time
M + 60'
M + 88'
S + 24 Hr.
S + 32 Hr.
S + 48 Hr.*'17:22:31
17:55:00
22:39:00
07:36:00
4O
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TABLE 10
RANGER VII MISSION EVENTS LIST (Continued)
Mission Event
Day 213 (Cont)
41. TV Electronic Clock 64-Hour
Pulse
42. RTC-8 Initiated (Maneuver
Inhibit Command)
43. RTC-6 Initiated (Terminal
Maneuver)
44. CC&S Counter Started (C=0)
45. Data Encoder Switched to
Mode IV Telemetry
46. Clock Turn-on of F-Chan-
nel (90-Pt Telemetry Re-
ceived on Channel 8)
47. F-Channel in Full Power
48. CC&S Warmup Command
(P-Channel in Warmup)
49. P-Channel in Full Power
50. CC&S Full-Power Com-
mand (Backup)
51. Impact
Event Time (GMT)
Actual
**09:22:23
11:55:00
12:25:08
12:25:48
12:52:19
13:07:15
13:08:35
13:10G9
13:12:09
13:15:48
13:25:49
Predicted
09:22:26
11:55:00
12:25:08
12:25:47
13:07:19
13:08:35
13:10:48
13:12:09
13:15 _8
13:25:49
Nominal
Mission Time
S + 64 Hr.
C+O
S + 37-3/4
Hr.
C +45'
C+50
*Approximate times, no definite indication of event.
**Tolerance is + 0 seconds; -15 seconds.
TV Subsystem was interrupted so that pro-
pulsion and attitude control information would
be available on the Channel-8 telemetry.
With motor burn complete, Channel-8 telem-
etry was stepped to Mode III returning this
channel to the TV Subsystem's 15-pointtelem-
etry. When TV telemetry data was returned
to Channel 8, the-y axis shroud temperature
had decreased 10 ° F and the F a Camera lens
temperature had increased 12 ° F, indicating
that the +y axis of the TV Subsystem was
oriented toward the Sun during the midcourse
maneuver. At the end of midcourse maneuver,
the spacecraft was reoriented in its normal
cruise-mode position, and 4 hours later the
temperatures of the TV Subsystem had re-
turned to their premideourse values.
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The 24- and32-hourClock telemetry steps
occurred on time. At the time of the 32-
hour step, theClock also providedanoutput
signal, which removedthe Clock-outputin-
hibit and the RTC-5 Clock-turn-off inhibit.
Forty hours after launch,the TV Subsystem
temperaturesstabilizedatthefollowingvalues:
• F CameraLens 66° F
a
• P-ChannelBattery 75° F
• Top Hat (shroud) 82 ° F
• Lower Shroud 74 ° F
• F b Camera Electronics 68 ° F
The 48- and 64-hour Clock telemetry steps
occurred early, by 9 and 17 seconds, re-
spectively. This indicated that the Clock was
running fast but still well within its 5-minute
overall tolerance. At this time, analysis of
the Battery capacities and temperatures in-
dicated that the F- and P-Channels could
operate in the full-power mode for 56 and 37
minutes, respectively; the limiting factor being
temperature.
4. Terminal Mode
Trajectory information revealed that the tele-
vision cameras were properly oriented so that
no terminal maneuver was required. Thus, an
RTC-8 command was sent to inhibit the ter-
minal maneuver, and then an RTC-6 command
was sent to start the CC&S counter in the
spacecraft, which supplies the warm-up (turn-
on) and backup full-power commands to the
TV Subsystem. The terminal sequence of
events began with turn-on of the CC&Scounter
one hour before impact. The spacecraft Data
Encoder switched to Mode IV telemetry 26.5
minutes later, indicating that the CC&Seounter
was operating. At 13:07:15 GMT, the TV Sub-
system Clock turned on the F-Channel to warm-
up mode and 90-point diagnostie telemetrywas
transmitted over Channel 8. Eighty seconds
after the Clock turn-on pulse occurred, the TV
Subsystem sequencer commanded F-Channel
into full-power operation. At this time, strong
F-Channel video signals were received by the
Goldstone tracking station. Approximately 3
minutes after the turn-on of the F-Channel,
the spacecraft CC &S commanded the P-Channel
into warm-up mode, and 80 seconds later the
TV Subsystem Sequencer plaeed the P-Channel
in full-power operation. From this time until
impact, both TV channels transmitted video
pictures of the lunar surface. F-Channel op-
erated for 17 minutes and 14 seconds, and P-
Channel for 13 minutes and 40 seconds.
B. EVALUATION OF REAL-TIME DATA
1. General
f
TV Subsystem telemetry provided diagnostic
information on the important Subsystem pa-
rameters so that any necessary, real-time
adjustments could be made to correct or im-
prove Subsystem performance, and in the event
of a failure, an analysis could be made of the
telemetry data to isolate the cause. A PAM/
FM/FM* system was employed to monitor
104 parameters of the TV Subsystem. Telem-
etry data was transmitted by the TV Sub-
system's two high-power Transmitters on a
225-kc subearrier, and by the spacecraft's
low-power Transmitter on an I-RIG** Channel-
8 3-kc subcarrier. Channel 8 was the prime
data link. During cruise mode, a 15-point
commutator sampled eleven Subsystem param-
eters and four telemetry references in the TV
Subsystem. When either F- or P-Channel of
the TV Subsystem is turned on into the warm-
up mode, the cruise-mode telemetry data is
switched off of Channel 8 and the diagnostic
telemetry sampled by a 90-point commutator
is transmitted over Channel 8. The format
for the 90-point commutator is the same as
for the 15-point commutator, except addi-
tional parameters are sampled. As a backup
function, the 90-point commutator also mod-
ulates a 225-kc voltage controlled oscillator
*PAM/FM/FM: pulse amplitude modulated/frequency rood.
ulated/frequency modulated
**IRIG: Intra Range Instrumentation Group.
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(VCO) whose output is transmitted over the
P-Channel high-power Transmitter. Like-
wise, the telemetry data from the 15-point
commutator is switched to and transmitted
over the F-Channel high-power transmitter
on a 225-kc subcarrier.
2. SDAT Data Accuracy (Computer Output)
In order to establish the accuracy of the various
data stations, telemetry data point 15-9 (the
Clock pulse) was selected as a reference and
its incremental change was noted. The follow-
ing variations were noted:
e Woomera variations averaged 0.3 volt;
• Goldstone variations averaged 0.12 volt;
and
• Johannesburg variations averaged 0.3
volt.
Telemetry data from the Woomera, Goldstone,
and J o h a n n e s b u r g tracking stations were
plotted as minimum and maximum values
sampled every hour during spacecraft view
periods. Cruise-mode telemetry data from all
tracking stations were further analyzed and
compared. Telemetry data from Johannesburg
were reading lower than the data from the
other stations; the Clockpulse telemetry (15-9)
was 200 millivolts lower, LCVR telemetry
(15-2) was 100 millivolts lower, and lower-
shroud temperature telemetry (15-8) was 100
millivolts lower.
3. Transition from Cruise-Mode to Terminal-
Mode Telemetry
When terminal-mode operation occurred, 90-
point telemetry was transmitted over Channel
8. The terminal-mode (90-point) telemetry
included data on the same telemetry points
sampled by the cruise-mode (15-point) telem-
etry and thus provided a basis of reference
for determining the consistency of the telem-
etry readouts.
When the P-Battery voltage (data point 15-6)
was readout as data point 90-59, the Primary
Data Processor indicated an inconsistency of
at least 0.1 telemetry volt in the readouts.
In order to ascertain the source of this ap-
parent inconsistency, the hard-line, semi-
raw telemetry data from the Goldstone (DSIF-
12) tracking station was reviewed. The zero-
reference telemetry point was found to have
increased from 115 data units as data point
15-13 to 131 data units as data point 90-88 in
the terminal-mode telemetry. The full-scale-
reference telemetry point (90-35) was also
found to be erratic for the first six data points,
so the alternate full-scale-reference telemetry
point (90-87) was used to establish the gradient
for interpreting the terminal-mode telemetry;
the full-scale reference was found to have
increased from 572 data units as data point
15-12 to 587 data units as data point 90-87.
However, the data point in question (P-Battery
voltage) increased from 526 data units as data
point 15-6 to 556 dataunits as data point 90-59,
a total of 30 data units or approximately 0.150
telemetry volts beyond the previously men-
tioned increase. The prelaunch tests of July 27,
1964, showed that full-scale reference aver-
aged 573 data units as data point 15-12 and
increased to an average value of 590 data units
as data point 90-35/87, an increase of 17 data
units.
Since the data-converter granularity is one
order of magnitude smaller than the error,
it would have to be a cumulative effect of
programming combined with system noise to
account for the entire increase of 30 units for
the P-Battery voltage. In order to establish
the semi-raw value for a particular data point,
the raw pedestal valueswere sampled on either
side of the data point to obtain an average
"base band"; this was then subtracted from
the raw-data-point value. This amount of pro-
gramming would not have contributed a change
of 30 units, and hence it must be concluded
that the overall accuracy at this point is limited
to 150 millivolts of telemetry (i.e., ±75 milli-
volts).
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4. Telemetry Evaluation of TV Subsystem
Performance
The cruise-mode telemetry was employed to
monitor the TV Subsystem temperatures and
power-supply operation. The temperatures
during cruise and terminal mode were almost
exactly as predicted in preflight calculations.
Graphs typical of the actual and predicted
cruise-mode temperatures are presented in
Figures 17 and 18. Typical terminal-mode
temperatures are plotted in Figures 19 and 20.
The TV Subsystem power supply consisted of
a Battery and a High-Current Voltage Regu-
lator (HCVR) for each of the F- and P-Chan-
nels, and a Low-Current Voltage Regulator
(LCVR) on the P-Channel only. The power-
supply units functioned normally throughout
the mission. Figure 21 shows the budgeted and
actual ampere-hour Battery capacity for each
channel during the various phases of the Ran-
ger VII Mission. The total capacity budgeted
for the F-Battery was 27.0 ampere-hours,
while the actual capacity expended was 12.8
ampere-hours. The F-Battery voltages during
cruise mode are shown in Figure 22. The F-
Battery voltages at launch, under a no-load
condition was 39.1 volts. From Clock start
(L + 32.5 minutes) until F-Channel turn-on,
the F-Battery supplied 0.05" ampere to operate
the TV Subsystem Clock. After the initial
Battery-voltage drop to 37.4 volts at Clock
start, the F-Battery voltage gradually de-
creased during cruise mode to 34.6 volts. At
the start of F-Channel warm-up, the Battery
voltage dropped to 33.5 volts at 7.7 amperes
and finally to 32.5 volts at 13.5 amperesduring
full-power operation. (See Figure 25.)
For the P-Channel, the budgeted and actual
Battery capacities were 30.0 and 21.0 ampere-
hours, respectively. The P-Channel Battery,
which powered the cruise-mode telemetry cir-
cuits (0.15 ampere*), had a prelaunch voltage
*These wdues arc based on prelaunch measurements as the
cruisc-mode telemetry was not sensitivc enough to read less
than 0.2-ampere changes.
of 35.6 volts, and at 16 hours after launch
reached a plateau voltage of 34.4 volts and
remained at this voltage until P-Channel warm-
up (see Figure 23). The P-Battery voltages
and currents were 32.5 volts at 10.5 amperes
and 32.0 volts at 15.5 amperes in warm-up
and full-power modes, respectively.
Both F- and P-Battery voltages remained con-
stant throughout the terminal mode, full-power
operation (see Figures 25 and 26).
The Low-Current Voltage Regulator (LCVR)
supplied an output voltage of 27.70 volt3 dur-
ing cruise-mode (Figure 24) and 27.78 volts
during terminal-mode operation. The reason
for the rise during terminal mode was that
the Telemetry Power Supply assumed part of
the load (see Figure 27). Both the F- and P-
Channel High-Current Voltage Regulators per-
formed as expected. Their output voltages were
27.52 and 27.50 volts for the F- and P-
Channels, respectively, as shown in Figure 28.
At the start of F-Channel warm-up, the 90-
point diagnostic telemetry data was switched
onto Channel 8. A listing of the terminal
telemetry parameters is given in Table 11.
The signal profile from the full-power com-
mand telemetry points (55 and 60) indicated
that both channels went into warm-up mode
for 80 seconds and were then turned on into
full-power operation by the TV Subsystem
Control Programmer and Camera Sequencer.
The Transmitter telemetry data indicated
normal supply voltages and operating temp-
eratures for both channels. The Power Am-
plifier cathode-current profiles for the Trans-
mitters were almost identical to prelaunch full-
power tests confirming a high-power output
for both channels. All telemetry indications
for the TV Camera assemblies, which included
four partial-scan cameras, Video Combiner,
and Control Programmer and Camera Se-
quencer for the P-Channel, and two full-scan
cameras, Video Combiner, and Control Pro-
grammer and Camera Sequencer for the F-
Channel, were normal.
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The telemetry data for the F-Channel Video
Combiner output shown in Figure 29, indicated
that the video output was greater than expected.
This telemetry point (data point No. 72 of the
90-point telemetry) measures the amplitude
of the composite video signal at the video
combiner output, which has a range of 1.5
volts from sync tip to peak white for each
camera, and is used only to indicate that a
video signal is being applied to the modu-
lator input. Its use as a light meter is quite
limited because it monitors two cameras that
have a four-to-one difference in theirdynamic
ranges and the data sample was not synchro-
nized with the camera readouts.
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Figure 29. Ranger VII F-Channel Video-Combiner Out-
put during Terminal Mode
The performance of the TV Subsystem telem-
etry was nominal throughout the mission. A
slow shift in center frequency of the Channel-8
VCO was noted, which amounted to only one or
two cycles and was within the -_2-cps VCO
tolerance. The 90-point commutator stopped on
data point 69 at the end of the prelaunch test
and started on the same point at terminal mode,
signifying no movement of the commutator
during cruise mode. Thus, it maybe concluded
that the telemetry verified that the TV Subsys-
tem performed a nominal mission.
5. Operational Support Equipment
a. FILM RECORDER CALIBRATION PROCEDURE
(i) General
The function of the Ground Recording Equip-
ment of the Ranger Operational Ground Station
at Goldstone was to record on 35-mm film an
accurate reproduction of the lunar scene as
seen by the TV cameras. All preflight cali-
brations were made to assure that picture
detail and photometric characteristics were
reproduced faithfully.
With the test specifications, the equipment
was calibrated to obtain sufficient resolution
and linearity to preserve the picture detail.
(2) Cathode Ray Tube and High Voltage Power
Supply Calibrations
The first step in the Film Recorder Calibra-
tion is the designation of mission and backup
Cathode Ray Tubes (CRT's} and High-Voltage
Power Supplies (HVPS's). At all sites, grid
drive as a function of 35-mm density runs
were made on the following combinations:
. Mission CRT and Mission HVPS
• Mission CRT and Backup HVPS
• Backup CRT and Mission HVPS
Prior to the mission, a film development
gamma was specified and held constant
throughout the calibration. Upon initial in-
stallation, the lens f-stop was varied and a
film record was made of discrete flat-field
intensity settings on G1 of the CRT. Succeed-
ing runs verified the results prior to removal
of the calibration equipment from the film re-
corder. Table 12 summarizes the densities
measured after a setup of all the camera
recorders.
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TABLE 11
TV SUBSYSTEM PARAMETERS MONITORED DURING TERMINAL MODE BY 90-POINT
TELEMETRY COMMUTATOR
Data Point
No. Parameter Monitored
l
2
3
4
5
6
7
8 thru 14
15 thru 21
22 thru 28
29 thru 34
35
36 thru 42
43
44
45
46
47
48
49
5O
51
52
53
54
55
56
57
58
59
6O
61
62
63
64
65
66
67
68
69
Camera PI Vertical Sweep
Camera P1 llorizontal Sweep
Camer'l PI G1 trod Focus Current
Camera P1 _1000 volts and 300 volts
Camera PI Shutter :rod Lamp Drive
Camera P1 Vidicon Filament
Zero Relcrence
S:lme as I thru 7 except for P2 Camera
Same as 1 thru 7 except for 1)3 Camera
Same as 1 thru 7 except for P4 Camera
Same as 1 thru 6 except for F a Camera
Full Scale Ilcference
Same as 1 thru 7 except for F b Camera
F b Camera Electronics Temperature (Sensor No. 25
F Battery Case Temperature (Sensor No. 45
P Battery Case Temperature (Sensor No. 55
P Unregulated Bus
P Regulated Bus (-27.5 volts 5
F Unregulated Bus
F Regulated Bus (-27.5 volts 5
Lower Shroud Temperature (+Y5 (Sensor No. 125
Bottom Deck Temperature (-x, -y quadrant 5 (Sensor No. 13)
Second Deck Temperature (-y) (Sensor No. 145
Second Deck Temperature 0Y5 (Sensor No. 15)
LCVR Input Voltage
F-Channel Full-Power Command
P Battery Current
F Battery Current
F Battery Terminal Voltage
P Battery Terminal Voltage
P-Channel Full-Power Command
F Sequencer "T" Flip-Flop (No. 25
Zero Reference
F Sequencer Oscillator (18 kc 5
P Sequencer Voltage +12 volts
P Sequencer Voltage -12 volts
P Sequencer Oscillator (18 kc)
F Sequencer Voltage +12 volts
F Sequencer Voltage -12 volts
F Sequencer "T" Flip-Flop (No. 15
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TABLE 11
TV SUBSYSTEM PARAMETERS MONITORED DURING TERMINAL MODE BY 90-POINT
TELEMETRY COMMUTATOR (Continued)
Data Point Parameter Monitored
No.
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
P Sequencer "R" Flip-Flop (No. 1)
P Sequencer "R" Flip-Flop (No. 2)
P Combiner Video Output
Zero Reference
F Combiner Video Output
P-Transmitter PA Heat Sink (Sensor No. 6)
F Battery Internal Temperature (Sensor No. 8)
F Transmitter PA +1000 volts
F Transmitter IPA -750 volts
F Transmitter PA Cathode Current
F Transmitter PA Heat Sink (Sensor No. 7)
Zero Reference
P Transmitter PA +1000 volts
P Transmitter IPA -750 volts
P Transmitter PA Cathode Current
F a Camera Lens Housing Temperature (Sensor No. 1)
Camera Bracket Temperature (Sensor No. 3)
Full Scale Reference
Zero Reference
Frame Reference
Frame Reference
TABLE 12
BLACK AND WHITE DENSITIES FROM FILM RECORDERS NOS. 1 AND 2
meras
Level _ P1 P2 P3 P4 Fa Fb
Black 0.34 0.32 0.37 0.35 0.35 0.32
Peak White 1.72 1.95 1.80 1.90 1.93 1.73
Calibration prior to terminal mode was com-
pleted with the following components:
• Film Recorder No. 1, CRT No. 1294
and HVPS No. 1007 (unchanged);
• Film Recorder No. 2, CRT No. 1214,
and HVPS No. 1002; and
• Film Recorder No. 3, CRT No. 027,
and HVPS No. 1008.
(3) Mission Data
As per the operational procedure, a film
record of the Ranger VII camera calibration
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data was made immediately following the mis-
sion, along with a grid drive, as a function of
intensity run. Curves typical of these data are
shown in Figure 30.
Camera transfer data from the mission film
were not immediately available; however, using
the available data, the curves such as those
shown in Figure 31 were derived.
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Figure 30. Grid Drive of a Typical Film Recorder as a Function of Film Density after Ranger VII Mission
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b. MISSION OPERATION OF TELECOMMUNICATIONS
(1) Power Output During Terminal Mode
The telemetry information for the Power-
Amplifier cathode current indicated a normal
power output and power profile.
The peak-to-peak noise on the syne tip was
approximately 30 to 40 my, which is equiva-
lent to a 42 to 40 db peak-to-peak to rms
noise ratio. A signal-to-noise ratio of 39 db
was expected for a normal mission.
(2) Frequency Stability During Mission
The center frequency of each channel during
the Ranger VII mission was determined. The
F-Channel DC level, detected within 2 minutes
of full-power operation, was approximately 100
mv higher than normal , which corresponds
to center-frequency variation of plus 35 kc.
During the mission, the center frequency re-
mained within 5 kc of this value up to impact.
During system test, the center frequency was
approximately 20 kc high, and on the launch
day, the frequency was 30 to 40 kc high.
The P-Channel center frequency was approxi-
mately 17 kc lower than normal at the start
of the mission and approximately 25 kc low
at impact. During final checkon the launchpad,
the center frequency was approximately 10 kc
high.
(3) Deviation
The nominal voltage between the syne tip and
the black level is 240 mv +10 percent. This
voltage was approximately 220 mv for the
F a Camera, 240 mv for the F b Camera, and
250 mv for the P-Cameras.
(4) Telemetry
Only the telemetry broadcasted over the F-
Channel transmitter was recorded on the strip-
chart recorder. There was no noise on the
telemetry.
The Channel-8 telemetry had a small amount
of noise on the pedestal. However, the noise
did not interfere with the data reduction.
C. FLIGHT MODEL 111-2 (RANGER VII)
EQUIPMENT PERFORMANCE
1. General
The receipt of 4,316 high-quality pictures of
the lunar surface from the Ranger VII Space-
craft is indicative of the performance of each
group of equipment of the Flight Model III-2
Ranger TV Subsystem. The level of perform-
ance of some portions of the TV Subsystem
can be evaluated on the basis of specific in-
formation received during the mission. This
is particularly true of the cameras and their
associated electronic equipment, since the pic-
tures themselves are evidence oftheperform-
ance of this equipment. It is also true to a
lesser degree of the telemetry equipment,
thermal control e.quipment, power equipment,
telecommunications equipment, and OSE equip-
ment. The performance of the command and
control circuitry, however, can only be eval-
uated in absolute terms; that is, all commands
were processed and executed on-time and in
good order, as expected.
Paragraph 2 of this subsection discusses the
performance of the cameras and their associ-
ated electronic equipment. Paragraph 3 of this
subsection is devoted to an evaluation of the
thermal control equipment and a correlation
of the predicted mission temperatures with
those actually experienced. The performance
of the power equipment, subsystem telemetry
equipment, telecommunications equipment, and
OSE equipment has been discussed previously
in terms of the received telemetry data.
2. Camera Group
a. SATISFACTION OF MISSION REQUIREMENTS
The 35-millimeter photographs and the mag-
netic tapes of the video signals give ample
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evidencethat the Flight Model III-2 camera
equipmentmetthemissionrequirements.The
last partial-scanpicture wasa fragmentfrom
theP3 Camerawhichwasoutfittedwithaone-
inch, f/0.95 lens. A line selector was used
to determinethatthe impactoccurredonline
167 approximately400us after the start of
scan.
Exposurefor the camera actuallyoccurred
about80 millisecondsbeforetheendof read-
out for the Pl Camera.Thetotal time before
impactthenis the sum
70 milliseconds during Pl readout
6.6 millisecondsblanking
111 millisecondsof P3 readout
187.6 millisecondsbeforeimpact.
A simple geometricalrelationshipfor the 1-
inch optical system and for a spacecraft
traveling at 2.64km/sec showsthat thefinal
picture was taken at an altitude of 500.0
meters from pointof impactonthelunar sur-
face andcoveredan areaabout42metersby
28 meters. Craters can be recognizedthat
occupyone-fiftiethof pictureheight,adiam-
eter of 0.8 meter. The bright rim andshad-
owed rim constitute image elementsof 0.4
meter;hence,themissionresolutionrequire-
mentswereeasily satisfied.
For the full scancamerasa fragmentof a
frame of the Fa Camerawas the last to be
scannedbeforeimpact.Videoceasedafter350
microsecondsonscanline No.1074.
Themissionrequirementsof wideareacover-
age andpicture nestingwere also satisfied.
Examinationof an imageproducedby theFa
Cameraat analtitudeof 480 miles from the
Moonshowsthesetworequirementssatisfied.
This imagecoversa wide area with several
well knownfeaturessuchasthecrater Lubin-
iezkyandtheRiphaeusMountains.This image
also nests all the remainingsequenceof Fa
Cameraimagesandrecordstheimpactpoint.
The exposuresfor boththe 76-mm,f/2 cam-
eras and the 25-mm, f/0.95 cameraswere
suchasto providehighsignal-to-noiseratios.
The peak illuminations appearnot to exceed
1800foot lambertswith averageilluminations
between250and450foot lamberts.Thevaria-
tions in exposurewere notedandexamined.
b. IMAGE DEGRADATION
Image degradation due to smear is difficult
to assess from an examination of the images.
The final Pl and P3 images are oblique views
with the major axes of the elliptical images
of the round craters being oriented from lower
left to upper right.
Image degradation due to residual images from
previous exposures is also difficult to assess.
By viewing high-contrast crater images of
both the F a and F b Cameras during the final
20- to 30-picture sequence, sufficient motion
and size-changing of these images occur to
attempt an observation of these residuals. The
illuminated position of crators for succeeding
frames shows a break in the highlight, which
may be caused by the residual signal from the
previous frame. A cautionary note is ex-
tended to the photo interpreters to consider
this possibility when evaluating the craters for
shadow detail.
There is evidence of coherent noise in the
images, however, at a decidedly reduced level
from prelaunch system tests. The F a Camera
shows the 15-kilocycle crosstalk from the F b
Camera erase raster. It is more evident in
Camera F b. There are two permanent spots
of a detail near the size of the smallest rec-
ognizable crater in each full-scan camera.
They can be detected as black and white spots
with the black opposite to the normal crater
shadowing. There is also evidence of four
kinescope spots which appear as four tiny
white spots on each image. In the F a Camera
pictures, there is evidence of shadowing at
top left and bottom left of each image which is
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typical of shading in the vidicon electron optics,
or possibly of lens vignetting.
In the F a Camera pictures, there are a few
images that show evidence of the 12 to 13
nearly evenly spaced disturbances that are
characteristic of microphonics excited by
partial-scan camera shutter actuations. The
Camera F b pictures show evidence of a loss
of a line or linesofvideo in occasional frames.
This is due to the clamp acting upon a noise
spike and drawing that line either up to peak
white or down to peak black. Some evidence
of this exists in F a Camera video output for
a noise pulse caused by the actuation of the
Pl and P3 shutters.
The black region at the bottom of the F a pic-
tures as mounted is due to mask used as a
black reference at the start of each hori-
zontal scan of the vidicon target. The transi-
tion into the picture region from the mask is
gradual, or appears fuzzy, because the mask
is mounted externally on the vidicon, removed
from the image plane.
The P1 Camera pictures also showed evidence
of occasional electrical noise spikes on alter-
nate frames, in a time-coherence with the end
of stroke on the P3 shutter.
The Pl and P2 Camera pictures show low level
microphonics in time-coherence with the end
of stroke of the P3 and P4 shutters respectively.
c. EVALUATION OF PERFORMANCE
The evaluation of the performance of the Cam-
era group on Flight Model III-2 (Ranger VH)
can be made on two levels. The first level
would entail a comparison of the information
content and overall performance of the Ranger
VII cameras to those of the mission require-
ments and the general specifications. A second
level of evaluation would involve a review of
the performance of each camera against the
specification for that camera type.
(1) General Specifications
The general specification for the Ranger tele-
vision cameras was written to provide the
following:
• High-quality images of the lunar surface
at a surface resolution of better than 0.5
meter;
• Wide-area coverage; and
• Picture nesting.
A review of the 4,316 pictures taken by the
Ranger VII cameras indicates that the general
specifications were met. The satisfying of the
first specification can be attributed, in part,
to the superior performance of the overall
system in that: (1) The camera platform was
placed in an impacting trajectory such that
sufficient light and shadow detail was avail-
able for the imaging system, and (2) Sufficient
transmitter power was available to overcome
system losses by an ample margin. These
facts contributed to a high signal-to-noise
video output for each Ranger VII camera, this
being an essential factor for high-quality
images. Resolutions of lunar detail at the
level of one-half meter have been conserv-
atively estimated from the image produced by
the final two partial-scan-exposures made
immediately prior to impact. The final frag-
ment of the last partial-scan picture was ex-
posed approximately 500 meters before im-
pact and produced an image of an area 42
meters in width and 28 meters in height. In
examining this last image, craters one-fiftieth
of the picture height, a diameter of 0.8 meter,
can be easily recognized. A crater is recog-
nized by its deeply shadowed and brightly
luminant image. On the basis of this achieved
detail, the resolution requirement of one-half
meter was surpassed.
The second and third specifications, wide-angle
coverage and picture nesting, were imposed as
a basis for correlation of the expected data
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output of the Ranger cameras to the well- 
defined telescopic photographs presently on 
hand. The success with which Ranger VIIcam- 
eras met the objectives of these specifications 
is illustrated by Figure 32. This image, pro- 
duced by the twenty-five-degree camera, was 
taken 480 miles before impact. It covers awide 
area within which several well known features 
such as  the crater Lubiniezky and the Riphaeus 
Mountains, can be distinguished by their char- 
acteristic images and their geographical re- 
lationships. Also indicated on this Figure a re  
the areas covered by pictures taken in the 
picture-taking sequence, at a higher level of 
resolution, including the point of impact as 
shown in Figures 33, 34 and 35. The realiza- 
tion of the design to satisfy this specification 
is contained i n  the interplay of camera fields 
physically ties the six-camera array into ap- 
propriate overlapping fields of view, the cam- 
e ra  exposure sequence, and the design of the 
impacting trajectory. 
of view, the camera mounting bracket that Figure 32. Ranger VI1 Fa-Camera Picture of Northwest 
lobe of Mare Nubium, Showing Picture Nesting 
(2) Detailed Specifications 
To achieve television pictures capable of high 
information content, detailed specifications 
were imposed on the Ranger cameras. The 
specifications were formulated to insure that: 
e The ratio of the voltage excursion created 
by the camera when exposed to illumina- 
tion ranging from black-to-peak-white to 
the root-mean s q u a r e  of the r a n d o m  
noise of the camera would exceed 30 db; 
e The ratio of the peak-to-peak signal to 
the peak-to-peak coherent noise would 
exceed 20 db; 
The scanned area of the tube would main- 
tain an aspect ratio of unitytowithinfour 
percent; 
Figure 33. Ranger VI1 Fa-Camera Picture Taken 2 
Minutes 46 Seconds Before Impact (235 miles altitude) 
e The cameras would have adequate ex- This last specification is a commentary on 
the ability to calculate and predict the lumi- 
nance of the lunar surface and the ability of 
the spacecraft system to direct the cameras 
posure; and 
Image distortion due to smear would be 
minimi zed. 
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Figure 34. Ranger VI1 Fa-Camera Picture Showing Last 
of Previously Known Craters (85 miles altitude) 
Figure 35. Ranger VI1 Fa-Camera Picture Showing Rays 
of Crater Copernicus (34 miles altitude) 
to a specific location on the lunar surface. 
The shutter speed and the velocity projection 
were calculated to maintain image smear to 
less than a TV element. These shutter-actuated 
- 
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exposures were 2 milliseconds for the partial- 
scan cameras and 5 milliseconds for the full- 
scan cameras. 
A duplicate negative of the 35-millimeter pri- 
mary on-line film data (POD) was examined by 
projection. In addition, the dubs of the second- 
ary on-line magnetic tape data (SOD) were 
replayed through a Range Kinescope recorder 
and polaroid records were made of the video 
signals at the input of the kinescope film re- 
corder. These observations and data were 
evaluated in regard to previous test data and to 
the detailed camera specifications. 
The camera subsystem was aligned and cali- 
brated for video output as a function of scene 
luminance at the Eastern Test Range, preced- 
ing the 1 a un c h. Thie procedure u t i  1 i z e s a 
brightness s o u r c e simulating the spectral 
emission and 1 u m i n a n  c e of the Moon. For 
the Ranger VII cameras, the Fb, P1, and P 2  
Cameras were adjusted for a peak luminance 
of 2700 footlamberts, and the Fa, P3, and P4 
Cameras for a peak luminance of 650 foot- 
lamberts. Transfer curves, shown in Figures 
36 and 37, were plotted for each camera by 
varying the luminance of the calibration 
source and recording the corresponding video 
excursions at the input to the kinescope re- 
corder. Observations of the video excursions 
at the kinescope recorder were reported dur- 
ing the Ranger VI1 mission five minutes after 
video was received. These values a re  noted 
on the transfer curves and are also listed in 
Table 13. These voltage measurements a re  
related to the measured footlamberts of the 
simulated brightness source and provide an 
indication of camera exposure. 
The choice of the lunar area to be imaged was 
fortuitous and resulted in maximum use of the 
conversion capabilities of all six cameras in 
that adequate camera exposure resulted in a 
high signal-to-noise ratio. 
Some of the variations in the apparent relative 
luminances are  due to variations within the 
tolerances of camera components. One of these 
is tolerance on the nominal shutter speed and 
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TABLE 13
LIGHT LEVELS 8 MINUTES BEFORE IMPACT
Camera
F a
F b
Pl
P2
P3
P4
Average Light Level
(footlamberts)
520
600
600
900
410
240
Peak Light Level
(footlamberts)
1300
2100
1800
2000
1350
840
on the variation in shutter speeds for the in-
stroke and out-stroke. Camera video output
is a measure of this variance, all otherparam-
eters remaining constant. From the magnetic-
tape playback, oscilloscope traces of alternate
exposures were made for each camera. The
scene luminance is assumed to be invariant
during an alternate exposure sequence. The
primary cause of variance in camera signal
amplitude, then, is the difference in speed for
the alternate shutter strokes.
The oscilloscope records of the video for each
camera, derived from the secondary original
data (from the tape recorders), are shown in
Figures 38 and 39.
The variation in exposure for alternate frames
is listed in Table 14.
An examination of the video shows that on the
three 25-millimeter, f/0.95 cameras, the peak
illuminations are occasionally detected near
the saturation level of the camera, but the cam-
era did not actually saturate or clip. Maximum
exposure without saturation was themachieved
on Cameras Fa, P3 and P4. The remaining
three Cameras, Fb, Pl, and P2 had average
Figure 38. Video Signals for Alternate Exposures of Ranger VII Partial-Scan Cameras
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TABLE14
VARIATION IN ALTERNATE FRAME
EXPOSURE ATTRIBUTABLE TO VARIATION
IN SHUTTER SPEED
Camera Variation in Exposure
(percent)
F a
Fb
1)1
P2
P3
P4
0+
8
3
10
25
10
exposures with signal-to-noise ratios three to
four db lower than for Cameras Fa, P3 and P4.
If image smear is evident, it would have oc-
curred in the final two partial-scan pictures.
In these pictures, image motion during the
shuttered exposure is near the order of the
image element being recorded. The final P1
and P3 images are oblique views, causing
the major axes of the eliptical views of all
round craters to be oriented from lower left
to upper right. The elongation of the many
smaller craters, whose major axes would be
oriented roughly toward the impact point would
be most evident in Figure 40. If the final pic-
ture had been taken by either the P1 or P2
Cameras, considerable smear would havebeen
evident for this photogeometry.
The evaluation of the Ranger VII pictures
against specifications for exposure and image
smear indicates that all cameras received ade-
quate exposure for high signal-to-noise pic-
tures and that degradation of image smearwas
minimized during the final sequence of the
Ranger VII mission.
Video line selections from the final F a and
P3 camera frames, shown in Figure 41, indi-
cate that the first specification of a high signal-
to-noise ratio was also satisfied. A video sig-
nal at the input to the kinescope recorder
with a signal-to-noise ratio in excess of 30 db
will produce a picture considered to be of high
quality. Exmination of the video from the final
F a and P3 frames shows it to be on the order
of 34 db. Transmission of video with a signal-
to-noise ratio of 35 db through the communica-
tion channel, which has a signal-to-noise ratio
F b CAMERA Fo CAMERA
Figure 39. Video Signals for Alternate Exposures of Ranger VII Full-Scan Cameras
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Figure 40. Ranger VI1 Final PI- and P3-Camera Pictures 
of 39 db would result in a received signal-to- 
noise ratio of 34 db. Thirty-five db then i s  
taken as the average signal-to-noise ratio for 
the Fa, P3 and P4 Cameras. The average 
signal-to-noise ratio for the Fb, P 1  and P2 
Cameras i s  taken, in like manner, as 31 db. 
Figure 41. Video Lines 1070, 1072, 1073, and 1074 of 
Ranger VI1 Final Fa-Camera Picture 
Each of the six cameras then provided video 
s i g n a l  with more-than-adequate signal-to- 
noise ratios to satisfy the first specification 
and the video criterion for high-quality images. 
(3) Image Degradation 
In the total record of Ranger VI1 pictures, 
some image-degrading factors were noticed 
that can be described and their effect on the 
final images evaluated. Some of these factors 
have remained in the cameras in spite of the 
best efforts to eliminate them. In general, they 
were present in the Ranger VIIpictures to a 
degree considerably reduced from prelaunch 
test experiences. They are, at worst, nuisance 
factors and result in a loss of lessthan 1 per- 
cent of actual data. Some of these factors are: 
0 15-kilocycle crosstalk; 
0 Vidicon o r  nuvistor microphonics; and 
0 Residual images. 
Some of these effects will be described in the 
order of their objectionableness. 
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(a) 15-KILOCYCLE CROSSTALK 
In the full-scan Camera channel, Cameras Fa 
and Fb are exposed and read out in sequence. 
While Camera Fa is being read out, Camera 
Fb is being erased and prepared for exposure, 
as shown in Figure 42. Par t  of this prepare 
cycle involves switching for exposure, as 
shown in Figure 42. Part of this prepare cycle 
involves switching the vertical sweep from 
an 0.39-cps read rate to a 15-kc-per-second 
erase rate. This high rate is necessary to 
cause the scan-erase image to be beyond the 
bandwidth of the scanning aperture and video 
amplifier. To insure that sufficient photocon- 
ductor area will be scanned at this high rate, 
the sweep voltages must be increased to a 
high level. It is  this signal which is picked up 
by the readout camera. The pickup mechanism 
is not entirely defined; however, it is known 
that part of it is picked up in the power supply 
grounds and part by electromagnetic o r  elec- 
trostatic pickup in the vicinity of the camera 
heads. 
The signal produced by this crosstalk is on 
the order of 20 to 25 millivolts, about 28 db 
below the peak-white video. It varies in ampli- 
tude from 15 millivolts in scene areas that 
approach black to about 40 millivolts in the 
peak-white areas. It is evident in each full- 
scan camera, though its amplitude appears 
EXPOSURE 15KC ERASE 
F CAMERA 
L 2 5 6  SEC& 2 56 SECJ 
EXPOSURE 
15KC ERASE 
F CAMERA 
Figure 42. Readout Sequence of the Ranger VI1 Full- 
Scan Cameras 
to be slightly higher in Camera Fa. This sig- 
nal is identified by vertical marks with the 
subtitle of - a in Figures 43 and 44. 
This high-frequency vertical-erase scan sig- 
nal is also the dominant source of noise in the 
P2 Camera. It occurs in the P2Cameraduring 
the erase period of one of the F-Cameras. The 
signal causes 8.5 vertical bars in the picture 
which persist for three consecutive frames, 
then are absent for three frames. 
(b) VIDICON OR NUVISTOR MICROPHONICS 
Disturbances in the video signals that can be 
correlated to exposure sequence a re  due either 
to electrical pickup at the high impedance of 
the vidicon target o r  actually due to mechani- 
cal displacements of either the vidicon o r  the 
nuvistor preamplifier. This type of inter- 
ference is illustrated in Figure 44 where twelve 
disturbances caused by P-Camera shutters 
are each indicated by a subscript 2. Micro- 
phonic performance was generally satisfactory 
with occurrences in four-to-five Fa Camera 
frames showing objectionable levels. Similar 
disturbances are evident in the lower third 
of the P1 and P2 frames in time coherence 
with the end-of-travel of the P3  and P4 shutter 
strokes . 
Another noise which is observed occasionally 
in the Fa Camera and P1 Camera frames is 
a very short noise pulse which goes into the 
saturated white region. While the duration of 
the noise is only about 15 microseconds, the 
k i  n e s c o p e beam is overdriven causing an 
elliptical-shaped spot which appears to be 
several scan lines wide, as shown in Figure 
45. In Camera P1 these saturated noisepulses 
occur during the bottom third of the frame in 
time coherence with the end-of-shutter stroke 
of alternate exposures of Camera P3. It also 
occurs about six times in the Fa Camera. In 
frame 105 of the F-Channel POD there is a 
l o  s s of 2 lines of v i d e o  caused when this 
shutter-induced noise occurs in time with the 
clamping actions. This noise also appears to 
be caused by the partial-scan Camera P3, is 
64 
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Figure 43. Fa-Camera Video Output Indicating Image Degradations 
synchronous with shock-wave microphonics, 
and is similar to the more prominent noise 
of Camera P1. Video loss due to clamp dis- 
placement is shown as subscript c of Figure 43. 
A third type of video disturbance due to the 
shock wave produced by the shutter’s end-of- 
stroke is nuvistor microphonics which is the 
dominant noise present in the P1 Camera, a s  
shown in Figure 40. The nuvistor appears to 
be excited primarily by i ts  own shutter and by 
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Figure 44. Fb-Camera Video Output Indicating Image Degradations 
the F-Camera shutters. The microphonic sig- (c) RESIDUAL SIGNALS 
nal is a 13-kc signal which appears as a series 
of vertical bands in the picture. There are Perhaps the most difficult image degradation 
approximately six-and-a-half bands present to identify in the Ranger VII image is that due 
in every P1-Camera picture. to residual images. Af t e r  the normal erase 
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themselves by having the characteristic white
and black rims opposite in-sense to actual
craters, and by their presence in the same
raster position of all pictures from a given
vidicon.
Figure 45. Noise Pulses Induced by End of Shutter
Stroke in Ranger VII PI-Camera
procedure has been applied to a camera, there
will generally remain a residual signal amount-
ing to about 5 percent of the previous exposure
for the full-scan cameras and as much as 10
percent for the partial-scan cameras. Its ef-
fect on the image produced by the subsequent
exposure depends on the image contrast and
the effectiveness of the camera's erasure.
The F b Camera frames numbers 230 through
240 of the POD, were observed. The crater
in the lower right area appears to be a typi-
cal example of image degradation due to re-
sidual image. There is a definite brightness
discontinuity correlated to the region of high
illumination in the previous frame, shown as
an increase of white level due to frame-to-
frame memory. This is a very subtle degra-
dation and does not affect the overall image
quality; it is categorized here only as a cau-
tionary measure to the image interpreters
who may confuse it with image detail.
(d) VIDICON BLEMISHES
There are at least two spots in Cameras F a
and F b that may be due to vidicon blemishes.
They are identified by the subscript d in Fig-
ures 43 and 44 and were found to be present
also in prelaunch system tests. They have the
appearance of the tiniest of craters but betray
(e) SHADING
Shading is the combined vidicon and lens ef-
fect, which causes some modification in dy-
namic range over the scanned area. In the F a-
Camera it is produced primarily by lens
vignetting and manifests itself as a dark
shadow in three of the four corners of the
picture.
(4) Summary
In total, image degradations that have been
detailed here detract only in a small way from
the overall image quality and information con-
tent of the Ranger VII pictures.
The analysis and evaluation of the Ranger VII
pictures indicated that modest improvements
in camera performance could eliminate several
of the more pronounced image disturbances.
A program to reduce the shock wave produced
by the camera shutters was instituted which
eliminated the characteristic vidicon and nu-
vistor microphontcs. The program culminated
in an improved shock-isolator design for the
shutter-to-camera mounting. The analysis also
indicated that camera effects such as residual
images and lens vignetting, previously con-
sidered serious, did not, in fact, degrade the
usability of the image.
In the discussion on camera exposure, it was
pointed out that the signal-to-noise ratios for
the Fb, P1 and P2 Cameras were three- to
four-db lower than those for the Fa, P3, and
P4 Cameras. It was also noted that only few
peak-white signals exceeded 1800 footlamberts
on any of the cameras. The recommendation
was to increase the video amplifier gain in
the Fb, Pl, and P2 Cameras to produce the
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maximum output voltage for an 1800-
footlambertsignal.Thisensuredhighersignal-
to-noiseratiosonall camerasfor thecloser-
to-the-terminatorRangerVIII picture-taking.
Thefinal recommendationwasto implementa
spectral-responsemeasurementprogramto
accomodateall cameras for RangerIX and
Spares,to increasetheradiometricinterpre-
tationcapability.
3. Thermal Control Group
The thermal configuration of the Ranger VI
and VII TV Subsystems is shown in Figure 46.
Primary temperature-control surfaces are:
• Thermal shroud {polished aluminum ve-
hicle skin) ;
• Thermal fins; and
• Thermal shields (insulators).
The construction of the shroud and fin assem-
bly is such that solar energy striking the space-
craft parallel to its axis illuminates only the
top surfaces of the fins, i.e., no direct sunlight
is incident upon the thermal shroud. The flow
of thermal energy with this condition is as
follows:
• Sunlight strikes the fin surface as anor-
real angle of incidence and a portion is
absorbed. The remainder is reflected to
space and other parts of the spacecraft.
• Part of the energy absorbed by the fin is
radiated from the front and rear surfaces
of the fin; the remainder flows into the
thermal shroud.
• The energy flowing into the thermal
shrouds from the fins is radiated from
the shroud surface {polished aluminum),
establishing a temperature field on the
shroud surface.
. The temperature field established on the
shroud is essentially isothermal. Since
the shroud envelops all electronic equip-
ment, the equipment will come to this
same temperature at steady-state con-
ditions. During full-power operation of
the equipment, the temperatures of in-
dividual components are maintained be-
low maximum temperature limits due to
the "heat-sinking" properties of the
spacecraft.
a. METHODS USED TO PREDICT FLIGHT
TEMPERATURES
Three equilibrium-temperature calculations
were performed for the Ranger VII flight.
The calculation methods used are as follows.
• The energy input to the TV Subsystem
was considered to be only direct solar
energy which was incident upon the top
surfaces of the temperature-control
fins. No additional energy input was
considered. This is the "direct-input"
method.
• The energy input to the TV Subsystem
was calculated in essentially the same
manner as the "direct-input" method.
However, it included calculations for the
energy input due to multiple reflections
of solar energy from surfaces of the Sub-
system to other viewed Subsystem sur-
faces, and solar energy input from the
solar panels and the Bus. This is called
the "input including reflections" method.
• The energy input to the TV Subsystem
was calculated using ratio factors ap-
plied to the results of the "direct-input"
method. (These ratio factors were de-
termined from an analysis of the Ran-
ger VI flight data and empirically account
for the greater-than-expected energy
input for Hanger VI.) This is called the
"input-with-ratio-applied' ' method.
The use of any of the three methods results in
an effective energy input into each of thether-
mal control fins.
Using the three methods of calculation outlined
above and inputs determined from the solar
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Figure 46. Thermal Configuration
absorptivity values, a set of equilibrium tem-
peratures for the Ranger VII flight was pre-
dicted for each method. The values of absorp-
tivity were determined by both RCA and JPL/
STL; consequently there were six sets of pre-
dicted equilibrium temperatures. The result-
ing dual sets of values are reported in the
following paragraphs. All calculations were
performed using the minimum solar constant
value of 0.87 watt per square inch, which was
applicable for the Ranger VII flight. The results
of the Ranger TV Subsystem
of the calculations for cruise telemetry data
points are tabulated in Table 15.
The thermal design for Ranger VII was pri-
marily based upon the data received from the
flight of Ranger VI. The temperature data in
Table 15, calculated using the "input with
ratio factors applied" method, was considered
to be nominal.
It was considered, however, that if the Ran-
ger VI temperature data were not accurate,
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VOLUME 5 SECTION III
then the remaining entries in the tabulation
might become significant. Since emphasis was
placed on obtaining battery temperatures of
not less than 10 ° C, conservative methods were
employed for selecting the finishes. The cal-
culations indicating battery temperatures of 1
and 8° C for Ranger VII were considered highly
unlikely in light of the results obtained from
the Ranger VI flight and the limited adjustment
of inputs to this area.
b. THERMAL-CONTROL PAINTS APPLIED TO
RANGER VII
Two thermal-control fin paints were to be
applied to the TV Subsystem of Ranger VII.
This was at variance with the procedure fol-
lowed for Ranger VI where a third paint was
applied to both Fin B and the antenna. During
final assembly at Cape Kennedy, itwas discov-
ered that the Ranger VII omni-antenna did not
reflect the change from a light gray paint to
white paint; it was neither convenient nor prac-
tical to repaint at that time since the effect of
light gray as compared to the effect of white in
that area is almost negligible. All calculations
for temperature shown in Table 15 (whichwere
made before the launch of Ranger VII) were
made considering Fin E, the antenna ring, as
being painted white PV-100. A comparable
tabulation that takes the light gray paint on
the antenna ring, Fin E, into account in the
calculation is shown in Table 16.
The thermal-control paints used on the fins of
Ranger VII were a mixture of PV-100 white
paint and MIL-E-5557 type III black paint and
are identified as follows:
De sc ription
Light Gray (antenna)
Light Gray
Dark Gray
Drawing Number
1758619-19
1758619-27
1758619-28
Mixtures of gray paints were prepared in
March 1964 for Ranger VII. The desired values
of solar absorptivity (a) for the paints were
0.58 and 0.77 (as compared to 0.62 and 0.82 for
Ranger VI. Samples of the paints were sent to
JPL for spectral evaluation by JPL/STL. The
values of a measured by JPL/STL on the
Ranger VII samples were 0.04 to 0.05 higher
than those measured at RCA and resulted in
values that were almost the same as measured
on Ranger VI. It was decided, therefore, to
use JPL/STL solar absorptivity measure-
ments as the design reference values or "true"
values and the RCA values were used as a
lower bound.
New mixtures of gray paint were prepared for
spectral analysis to obtain the new values of
0.55 and 0.75. The discrepancy between RCA
and JPL/STL measurements indicated that the
RCA values of 0.51 and 0.71 were reversed.
The spectral-measurement history of these
paints is given in Table 17.
Measurements of absorptivity at ETR on the
Ranger VII thermal shroud fins were obtained
using the Lion Model 25A portable reflectom-
eter and RCA prepared calibration standards.
The accuracy of this reflectometer is esti-
mated to be _-5 percent. The light gray paint
on the antenna was prepared and measured in
a series of spectral measurements similar to
those employed for Ranger VI and checked at
ETR on Ranger VII. Therefore, the measure-
ments program data indicates the values of
solar absorptivity on the Ranger VII fins to be
as given in Table 18.
c. RANGER VII CRUISE-TEMPERATURESVS.
FLIGHT PREDICTIONS
(1) Thermal Shroud Hat
The temperature of the hatwas monitored dur-
ing cruise mode by channel 8, data point 7.
Immediately after launch, the Spacecraft
traveled into the shadow of Earth. The hat,
being of low thermal mass, dropped steadily
from a launch temperature of 78 ° to 61°F
before the spacecraft was out of the shadow
and exposed to solar radiation. Within 10 hours
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TABLE 16
CRUISE-MODE EQUILIBRIUM TEMPERATURE PREDICTIONS FOR FLIGHT MODEL 111-2
Location on TV Subsystem
Thermal Shroud, ttat, -Y Side
Camera Lens ltousing
Thermal Shroud, -Y Side, Below Fin A
Battery (Internal), Channel P
Camera Electronics, -Y Side, Unit (upper)
Power Amplifier, -X Side, Unit
(cavity end) Channel F
Power Amplifier, +X Side, Unit
(cavity end) Channel P
Camera Mounting Bracket
High Current Voltage Regulator,
+Y Side, Channel P
Transmitter Power Supply, +X Side,
Channel P
Temperature Control Plate, Center (Fin F)
Thermal Shroud, +Y Side, Below Fin A
Thermal Shroud, -Y Side, Between Fins
B and C
Deck No. 3, -Y Side
Deck No. 4, -Y Side
Deck No. 5, -Y Side
RCA Calculations
o-T4
0.294
0.257
0.271
O. 269
0.273
0.273
JPL/STLCalculations
Temperature Temperature
o T4
O°C 0° F O°C 0°F
26 78 0.317 32 90
16 61 0.276 22 72
20 68 0.297 27 81
20 68 0.293 26 79
21 70 0.296 27 81
21 70 0.297 27 81
0.273 21 70 0.297 27 81
0.286 24 75 0.307 30 86
0.260 18 64 0.281 23 73
0.264 19 66
0.341 38 10
0.268 20 68
0.290 25 77
0.288 25 77
0.364 43 109
0.293 26 79
0.315 32 90
0.284 24 75 0.296 30 86
0.272 21 70 0.298 27 81
0.257 17 63 0,281 23 73
(hmsidering(,ray Paint with tz of 0.41 on the antenna ring, using Ratio Factors from the RA-6 Spacecraft.
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TABLE 17
SPECTRAL-MEASUREMENT HISTORY
Description
Light Gray
RCA
1758619-27
Dark Gray
RCA
1758619-28
Desired
Design
Values
Absorptivity
RCA
0.51
JPL/STL
0.55
RCA
0.71
JPL/STL
0.75
Samples
Painted
at RCA
5/8/64
RCA
0. 522
Samples
Painted
at JPL
5/26/64
RCA
0. 513
JPL/STL
0.56
RCA
0. 720
Samples Prepared
During Painting of
Ranger VII Fins
at JPL
6/12/64
RCA
0.517
JPL/STL
0.56
RCA
0.716
RCA
0.716
JPL/STL
0.76
JPL/STL
0.76
Values Measured on
Ranger VII Fins at
ETRwith Portable
Reflectometer
6/24/64
RCA
0.50
RCA
0.71
after launch, the temperature of the shroud
hat had reached equilibrium at 82 ° F, but took
a drop again during midcourse when it went to
about 75 ° F. One hour after mideourse maneu-
ver was initiated, the temperature of the hat
was back to equilibrium at 84 ° F.
Using the "input-with-ratio-applied" method,
the predicted temperature was calculated to
range from 76 ° F (RCA(_) to 90 ° F (JPL/STLa}.
The hat, being large in area and low in thermal
mass reacts significantly to small changes in
energy input and it is for this reason that the
temperature drops occurred within Earth's
shadow and during midcourse maneuver, (See
Paragraph B of this section for graphs of the
cruise mode telemetry.}
(2) Camera Lens Housing
The temperature of the camera lens housing
was monitored during cruise mode by channel
8, data point 1. This point indicated adecrease
in temperature of about 10 ° F while the vehicle
was in the Earth' s shadow. Temperature drifted
still lower to 62°F until about an hour after
spacecraft exposure to solar radiation atwhieh
time the temperature began to rise and reached
equilibrium at 66 ° F, 14 hours after launch.
During midcourse maneuver, the spacecraft
was rotated in such a way as to subject the
lens housing to an increased solar input, as
indicated by a sharp rise in temperature to
76 ° F. A large mass, such as the six cameras
and the bracket, took this rise as indicated by
the time required to reestablish equilibrium
at 66°F (8 hours from the time midcourse
maneuver was initiated).
TABLE 18
VALUES OF SOLAR ABSORPTIVITY
ON THE RA-7 FINS
Location Solar Absorptivity
Fins A, B, F
Fins C, D
Fin E (White
Paint)
0.50 to 0.56
0.71 to 0.76
0.19 to 0.22
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Using "the input-with-ratio-applied" method
the predicted temperature was calculated to
range from 61 ° F (RCAa) to 72 ° F (JPL/STLa).
The camera lens housing remained steady at
66 ° F after midcourse maneuver until the final
few hours of flight at which point a slight rise
occurred due to lunar inputs, as described in
paragraph d that follows.
(3) Thermal Shroud (-Y side, below Fin A)
The temperature of the thermal shroud in this
area was monitored during cruise mode by
channel 8, data point 8. Passage through
Earth's shadow allowed the temperature of
the lower portion of the shroud to drop to
65 ° F before exposure to solar radiation which
allowed this area to stabilize at 74 ° F. Tem-
perature equilibrium was reached within 8
hours from launch.
Analysis of the data indicates the -Y side of
the vehicle was shadowed during midcourse
maneuver and a decrease to 70 ° F occurred
at this time. This apparent shadowing is some-
what substantiated by the increased input to
the cameras since the field-of-view hole is on
the + Y side. Within 90 minutes, however, the
shroud in this area was once again at a stable
74 ° F.
Using the "input-with-ratio-applied" method
the predicted temperature at this data point
was calculated to range from 68 ° F (RCAa) to
80 ° F (JPL/STLa). Flight temperature fell at
the midpoint of this range.
(4) Battery, P-Channel
The temperature of the Battery is monitored
during cruise mode by an internally located
thermistor on channel 8, data point 4.
The batteries were not affected by transient
changes in solar input as occurs when the
Spacecraft is in the Earth's shadow and dur-
ing midcourse maneuver, due to their high
thermal mass and location.
Battery temperature decreased steadily and
reached equilibrium at 75 ° F within the 40-hour
time constant d e t e r m in e d from thermal-
vacuum testing. From using "the input-with-
ratio-applied" method, the predicted tempera-
ture of the batteries ranged from 66 ° F (RCAa)
to 79 ° F (JPL/STLa).
(5) Camera Electronics
The Camera Electronics temperature was
monitored during cruise mode by Channel 8,
data point 11. Reaction to brief changes in solar
input, as during p a s s age through Earth's
shadow and midcourse maneuver, was limited
by the thermal mass location within the
Subsystem.
Temperature of this c o m p o n e n t decreased
steadily and obtained equilibrium within 24
hours from launch. Stability was reached at
68 ° F, 12 ° below the launch temperature of
80 ° F. The predicted temperature range, cal-
culated by the "input-with-ratio-applied" was
70°F (RCAa) to 81°F (JPL/STLa). Flight
temperature fell slightly below the lower limit
of the prediction. This can be explained only
as being an inaccuracy of the prediction equa-
tion due possibly to insufficient knowledge of
the temperature of this area from the flight of
Ranger VI. This data point was not telemetered
on Channel 8 and during the Ranger VI mission
no information was obtained from that flight.
(6) Summary
Of the five points which were monitored for
temperature during cruise mode, four points
were close to the midpoint temperature of the
predicted range.
Three were right at midpoint, the Hat being
2 ° below mid-temperature. The Camera Elec-
tronics was 7° F below the midpoint of the pre-
dicted range, but wellwithin the range of
desirable operation temperature. A compari-
son of predictions to actual flight temperatures
obtained from Channel-8 telemetry is listed in
Table 19.
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TABLE 19
COMPARISON OF PREDICTED TO ACTUAL FLIGHT TEMPERATURES
Location
Hat
Lens Housing
Shroud
Battery
Camera Electronics
Data Point
7
1
8
4
11
Predicted by
RCA
(° F)
78
61
68
68
70
Predicted by
JPL/STL
(°F)
90
72
81
79
81
Flight
(°F)
82
66
74
75
68
d. TEMPERATURE RISE OF RANGER VII CAMERA
LENS HOUSING DURING FINAL HOURS PRIOR
TO LUNAR IMPACT
As the Spacecraft approaches the moon, the
effects of lunar solar reflections and moon-
shine began to be noticed. These factors will
not affect the overall spacecraft temperature
to any noticeable extent due to the high re-
flectance of the surfaces which face the moon.
The solar cell paddles and the cameras, how-
ever, have a highly absorptive surface facing
the moon, and both these areas experienced
heating during the final hours of flight.
The thermal energy flux is a summation of the
reflected solar radiation and the IR radiation
of the moon, referred to as moonshine. Cal-
culations of the flux density at various dis-
tances from the moon were plotted to provide
the curve in Figure 47. The curve is not abso-
lute due to the approximations that were used
in the calculations, but it is accurate enough
to explain the conclusions that were reached
by its usage.
From the curve, the average flux during the
last three hours of flight can be reasonably
approximated at 0.01 watts per square inch
to within 1000 miles from the moon's surface.
Within 1000 miles to impact, the average flux
is 0.12 watts per square inch for a period of
15 minutes. Using these values as an input,
the increase in temperature of the camera
lens can be calculated. Although the entire
projected area of the cameras is exposed to
this energy flux, the front end of the camera
can be treated separately due to its limited
conductivity to the balance of the mass. This
is evident by the fact that the camera bracket
does not rise in temperature at the same rate
as the lens housing. The temperature in-
crease, A T, during the last 15 minutes can be
calculated from:
Q
AT=--
mc'
(flux) (area) (minutes)
(weight) (specific heat)
w BTU
(0.12 -- )(0.0569 mi_w ) (12.5 in 2) (15 min )in 2
(1.5 Ibs) (0.22 BTU ]
Ib OF "
AT = 3.8°F
and the A T for the previous three hours using
the same relationship:
(0.01 w (0.0569 B'FU
_n2) miaow ) (12.5 in2) (180 min)AT
AT = 3.9°F
(1.5 Ibs) (0.22 BTU __I-6T_-_
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Figure 47. Reflected Solar Radiation and Moonshine (Os -" 40 °, 11oS Lat., 21 oW Long.)
These calculations indicate a rise in tem-
perature of the front end of the cameras on
the order of 7 to 8 ° F. Using this approach,
the increase of 6 to 10 ° F from telemetry,
in the area of the camera lens during
Ranger-VII flight can be explained. Lunar
inputs can provide heating on the same
order as that experienced by the Ranger-VII
spacec raft.
Other data points indicate little or no temper-
ature increase due to the lunar inputs since
conditions of mass and high reflectance limit
the effects.
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Section IV
Ranger VIII Mission Evaluation
A. SUMMARY OF RANGER VIII MISSION
1. Prelaunch
Three hours before launch (Day 48 - 14:00:00
GMT), the TV Subsystem was turned on in the
reduced-power mode for a final check. Te-
lemetry and video indications were normal at
this time. The countdown continued, and at
launch minus 15 minutes, cruise-mode (15-
point) telemetry was initiated and received
from the spacecraft. Again the telemetry
data, evaluated by both the ETR launch team
and SDAT, indicated that all assemblies of the
TV Subsystem were functioning normally in
accordance with the predicted values.
2. Launch
The Ranger VIII Spacecraft was successfully
launched from the Eastern Test Range at
17:05:01 GMT on February 17, 1965 (Day
48). The launch was accomplished by an
Atlas-Agena launch vehicle. A complete Ran-
get VIII mission events list is presented in
Table 20. At launch, the umbilical cable was
disconnected from the launch vehicle, remov-
ing the full-power inhibit circuit which had
limited the RF power output from the TV Sub-
system to a reduced level of approximately
125 milliwatts. TV Subsystem telemetry data
were received by SDAT from the ETR during
the first seven minutes of launch. These data
confirmed that all TV Subsystem parameters
were normal during the entire launch phase.
The tracking station at Johannesburg, South
Africa (DSIF 51), acquired two-way lock of
the spacecraft approximately 28 minutes af-
ter launch (Day 48 - 17:33:20 GMT) and com-
menced to relay telemetry data to SDAT
with message No. 1 taken at 17:43:00 GMT.
The Woomera, Australia, Tracking Station
(DSIF 41) first viewed the spacecraft at
17:54:00 GMT, with message No. 1 to SDAT
reporting all TV Subsystem parameters nor-
mal. Temperature sensors on the camera
lens housing and the top hat indicated initial
temperature increases whick leveled off at
less than 90 ° F and then began to decrease
toward the predicted cruise-mode values.
3. Cruise Mode
Agena booster separation (S) occurred at L +
25 minutes and initiated the 64-1/4 count of
the TV Subsystem Clock. Overseas Tracking
Station DSIF 51 at Johannesburg, South Africa,
verified that the Clockwas operating, by means
of a cruise-mode telemetry indication received
at 17:43:00 GMT. Agenabooster separation also
provided a backup for the removal of the full-
power inhibit circuit, and started amechanical
timer which provided backup functions for the
spacecraft. At separation plus 30 minutes
(S + 30), a contact closure of the wafer-
type timer switch provided initial arming
of the silicon controlled rectifier (SCR)
gates in the High-Current Voltage Regu-
lators (HCVR) of the TV Subsystem. At sep-
aration plus 35 minutes, the spacecraft so-
lar panels were deployed. This activated a
mieroswitch which provided a backup func-
tion for the enabling of the SCR gates. At
L + 69 minutes, spacecraft acquisition of
the Sun was accomplished, and 2 hours and
35 minutes later, the Earth acquisition oc-
curred. Thus, the spacecraft was oriented
in its normal cruise-mode position, with
the z-axis pointing toward the Sun and high-
gain antenna pointing toward the Earth. The
15-point telemetry continued to indicate nor-
mal TV Subsystem performance with tem-
peratures slowly stabilizing toward nominal
cruise-mode values. The 8- and 16-hour
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TABLE 20
RANGER VIII MISSION EVENTS LIST
DAY 48
Mission Event
1. Prelaunch Test
2. Cruise-Mode Telemetry On
3. Spacecraft on Internal Power
4. CC&S Uninhibit
5. CC&S Clear
6. Launch (L)
7. Spacecraft/Agena Separation (S)
8. Transmitter Power Up
9. TV Clock Start
10. DSIF-51 View Period Start
11. DSIF-41 View Period Start
12. Solar Panels Extend Command
13. Solar Panels Extended
14. Sun Acquisition Command
15. Sun Acquisition Complete
16. Earth Acquisition Command
17. Earth Acquisition Complete
18. DSIF-41 View Period End
DAY 49
19. TV Clock 8-hour Pulse
20. DSIF-12 View Period Start
21. DSIF-51 View Period End
22. TV Clock 16-Hour Pulse
23. Midcourse Maneuver Start (M)
24. Roll Correction Start
25. Roll Correction End
26. Pitch Correction Start
27. Pitch Correction End
28. Midcourse Motor Ignition
29. Midcourse Motor Turn-off
30. Sun Reacquisition Command
31. Sun Reacquisition Complete
Event Time (GMT)
Predicted
m
m
17:03:00
17:04:01
17:05:01
17:30:00
17:28:01
17:30:00
18:05:01
18:06:01
18:08:01
20:36:01
01:30:14
09:30:12
10:00:44
10:01:37
10:10.09
10:21:30
10:27:09
10:28:08
10:30:39
Actual
13:59:59
16:40:00
17:00:00
17:03:01
17:04:01
17:05:01
17:30:14
17:30:14
17:34:00"
17:52:00"
18:05:01
18:05:40
18:08:01
18:14:20
20:36:01
20:40:10
23:15:00"
01:30:12
06:08:00*
08:40:00*
09:30:36
10:00:39
10:00:45
10:01:38
10:27:09
10:28:11
10:30:40
10:40:12
Nominal
Mission Time
T-II6'
T-15'
T-5'
T-2'
T-I'
T=L
L + 23' (=S)
S+0
L + 60'
L+ 63'
L + 211'
S + 8 hours
S + 16 hours
M+0
M + 26.5'
M + 30'
*Approximate time
78
VOLUME 5 SECTION IV
TABLE 20
RANGER VIII MISSION EVENTS LIST (Continued)
Mission Event
DAY 49 (Cont'd)
32. Earth Reacquisition Command
33. Earth Reacquisition Complete
34. DSIF-41 View Period Start
35. DSIF-12 View Period End
36. TV Clock 24-Hour Pulse
37. SDIF-51 View Period Start
DAY 50
38. DSIF-41 View Period End
39. TV Clock 32-Hour Pulse
40. DSIF-12 View Period Start
41. DSIF-51 View Period End
42. DSIF-41 View Period Start
43. DSIF-12 View Period End
44. TV Clock 48-Hour Pulse
45. DSIF-51 View Period Start
DAY
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
51
DSIF-41 View Period End
DSIF-12 View Period Start
DSIF-51 View Period End
Terminal Maneuver Start (T)
Pitch Correction No. 1 Start
Pitch Correction No. 1 Complete
Yaw Correction Start
Yaw Correction Complete
Pitch Correction No. 2 Start
Pitch Correction No. 2 Complete
TV Clock 64-Hour Pulse
CC&S TV Turn On (Warm-up)
TV Full-Power On
TV Full-Power Backup
TV Clock Warm-up
TV Clock Full Power
Impact
Event Time (GMT)
Predicted
10:58:39
17:31:00
01:31:00
17:31:00
08:48:10
08:48:15
08:48:16
08:57:40
08:57:41
09:14:40
09:14:41
09:31:24
09:33:10
09:34:30
09:38:10
09:46:29
09:47:49
Actual
10:58:40
11:00:42
12:00:00"
16:01:00"
17:30:48
20:00:00"
00:36:00.*
01:30:52
06:11:00"
07:30:00*
12:00:00"
16:37:00"
17:31:08
20:00:00"
00:47:00*
06:10:00
08:00:00"
08:48:10
08:48:16
08:57:40
09:14-40
09:31:29
09:33:09
09:34:28
09:57:38.1
Nominal
Mission Time
M + 58'
S + 24 hour
m
S + 32 hours
S + 48 hours
R
T+0
T + 9.5'
T + 26.5'
S + 64 hours
T + 45'
T + 46' 20"
T+ 50'
I- 11 v
I
_'Approximate time
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Clock telemetry steps occurred on time with-
in the Clock tolerance. A midcourse maneuver
was initiated at approximately L + 17 hours
during a Goldstone tracking station (DSIF-12)
contact which began with two-way RF lock
at 05:57:00 GMT on Day 49. Data from Gold-
stone indicated perturbations of the top-hat
and lower-shroud temperatures as a result
of the midcourse maneuver. The tempera-
ture of the top hat (data point No. 7 of the
15-point telemetry) increased to a peak of
110 ° F at 10:37:00 GMT; dropped to 79° F
at 10:47:00 GMT; and then slowly increased
to a stabilizing temperature of 84 ° F. The
lower-shroud temperature (data point No. 8
of the 15-point telemetry) increased to a peak
of 100 ° F at 10:37:00 GMT and then dropped
rapidly to 80 ° F. When themidcoursema-
neuver was completed, the spacecraft was
reoriented in its normal cruise-mode posi-
tion, and within 16 hours, all temperatures
of the TV Subsystem had returned to their
pre-midcourse values.
The 24- and 32-hour Clock telemetry steps
indicated that the Clock was operating slowly
by approximately one second per hour, but
well within specification. At the time of the
32-hour telemetry step, the Clock also pro-
vided an output signal which removed the
Clock-output inhibit function and the RTC-5
Clock turn-off inhibit.* Thirty hours after
launch, the temperatures of the TV Subsystem
had stabilized at the following values:
¢ F Camera Lens Housing 65 ° F
a
• P-Channel Battery 80 ° F
• Top Hat (shroud) 84 ° F
• Lower Shroud 80 ° F
• F b Camera Electronics 71 ° F
*The display of analog telemetry data from DSIF-41 on the
SDA T strip-chart recorder revealed about twelve noise spikes
in the cruise-mode telemetry. Checks with the tracking station
revealed that the origin of the noise was the communication
link between SDAT and the DSIF-41 tracking station.
The 48-hour Clock telemetry step further con-
firmed a slow Clock operation of one second
per hour. At this time, analysis of the battery
capacities and temperatures indicated that the
F- and P-Channel could operate in the full-
power mode for 45 and 41 minutes, respectively,
with the constraint being temperature.
4. Terminal Mode
An RTC-8 command was transmitted to the
spacecraft which inhibited the terminal ma-
neuver. An RTC-6 command was transmitted
at 08:47:30 GMT of Day 51 to initiate the
CC&S terminal sequence, which would result
in turn-on of both television channels byCC&S
command. Because of the sequence of events,
the TV Clock would be used only as a backup
command for F-Channel turn-on at Impact
minus 11 minutes, if required. The 64-hour
TV Clock step occurred about two minutes
before the CC&S warm-up command. TV Sub-
system was placed in warm-up mode by the
CC&S TV-2 command at 09:33:09 GMT. The
F- and P-Channels of the TV Subsystem were
commanded into full-power operation by the
outputs of the 80-second timers in the Cam-
era Sequencer Assembly. The full-power back-
up command (TV-3), initiated by the CC&S
five minutes after the TV-2 command, was
not required. Video data were received at
the Goldstone Station at 09:34:28 GMT. The
TV Subsystem operated normally until im-
pact, with video pictures of the lunar surface
transmitted on both F- and P-Channels for 23
minutes and 10 seconds.
B. EVALUATION OF REAL-TIME DATA
1. General
As in the Ranger VII flight, 15-point telemetry
was used in the cruise mode and 90-point
telemetry was used for the terminal mode.
Figure 48 shows sample 15-point telemetry
frames and defines the parameter monitored
8O
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Figure 48. Sample Frames of Ranger VIII Cruise-Mode Telemetry Data from 15-Point Commutator
by each data point. When either F- or P-
Channel of the TV Subsystem is turned on into
the warm-up mode, the 15-point cruise-mode
telemetry data are switched off Channel 8 and
the diagnostic telemetry data sampled by a
90-point commutator are transmitted over
Channel 8. The format for the 90-point com-
mutator is similar to that of the IS-point
commutator shown in Figure 48, with more
and different parameters being sampled. The
TV Subsystem parameters sampled by the 90-
point commutator are identical to those of
Ranger VII except that two of the Zero Refer-
ence points have been used to monitor F- and
P-Transmitter IPA cathode currents, and the
monitored F- and P-Transmitter IPAvoltages
have been reduced from -750 to -500 volts.
As a backup function, the 90-point commutator
also modulates a 225-ke voltage-controlled
oscillator (VCO) whose output is transmitted
over the P-Channel high-power Transmitter.
Likewise, the telemetry data from the 15-
point commutator are switched to and trans-
mitted over the F-Channel high-power Trans-
mitter on a 225-kc subcarrier.
Just before TV Subsystem turn-on in warm-
up mode, the computer was programmed"
(switch to Mode 4) for the reception 90-point
diagnostic telemetry data. The data outputs
available to the TV Subsystem SDAT during
terminal mode were:
• Strip-chart recording of the analog te-
lemetry signal in real time;
• Real-time computer printouts of 13 se-
lected telemetry points;
• Matrix printouts of all 90-point telem-
etry data about 1-1/2 to 2 minutes be-
hind real time; and
• Telephone and administrative teletype
messages of selected telemetry points
are read out on the strip-chart re-
corders from the Goldstone tracking
station.
After impact, complete computer tabulations
and plots of the 90-point telemetry data were
available.
2. SDAT Data Accuracy (Computer Output)
As with the Ranger VII flight, data point No. 9
of the 15-point telemetry (the Clock pulse)
was selected as a reference and its incre-
mental change was noted as a means of estab-
lishing the accuracy of the data from the
various tracking stations. The telemetry
from all tracking stations varied no more than
0.1 telemetry volt from the nominal value.
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The telemetry points analyzed were data
points No. 9 (Clockpulse),No.2 (LCVRout-
put), andNo. 8(lower-shroudtemperature)of
the 15-pointtelemetry. Computer-processed
CCCdatafrom analoginformationsuppliedby
WoomeraandGoldstonetracking stationsex-
hibited a spreadof less than 0.2 telemetry
volt; data forwardedfrom the Johannesburg
tracking stationwascomparablein accuracy.
3. Transition from Cruise-Mode to Terminal-
Mode Telemetry
When warm-up mode of the TV Subsystem was
initiated, 90-point diagnostic telemetry data
were transmitted over Channel 8, as with the
Ranger VII flight. A strip-chart recording of
analog telemetry data transmitted over the
F-Channel and Channel 8 and recorded at the
Goldstone tracking station on Day 51 at 09:
47:40 (approximately 10 minutes before im-
pact) was examined for incremental changes
in telemetry voltages. The results of this
comparison are presented in Table 21.
4. Telemetry Evaluation of TV Subsystem
Performance
The cruise-mode telemetry was employed to
monitor TV Subsystem temperatures and
power-supply operation. The actual tem-
peratures of the TV Subsystem assemblies
during cruise and terminal modes were al-
most exactly as predicted in preflight calcu-
lations, repeating the performance established
by the Ranger VII flight.
The TV Subsystem power supply was of the
design used on the Ranger VII flight and all
units functioned normally throughout the mis-
sion.
At the start of F-Channel warmup, 90-point
diagnostic telemetry data were transmitted
over Channel 8. The signal profile from
telemetry data point Nos. 55 and 60 (full-
power commands) indicated that both channels
went into warm-up mode for 80 seconds and
were then turned on into full-power operation
TABLE 21
ICOMPARISON OF 15-POINT AND 90-POINT TELEMETRY READOUTS
DURING TERMINAL MODE
Parameter Monitored
F a Camera Lens Housing Temperature
P-Battery Current
F-Battery Terminal Voltage
P-Battery Terminal Voltage
F-Battery Current
F b Camera Electronics Temperature
Telemetry Readout (Telemetry Volts)
l$-Point
(F-Channel)
2.7
4.55
3.4
3.4
4.2
2.9
90-Point
(Channel 8)
2.7
4.6
3.4
3.4
4.2
2.9
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by the Control Programmer and Camera Se-
quencer. The Transmitter telemetry data in-
dicated normal supply voltages and Qperating
temperatures for both channels. The Power-
Amplifier cathode-current profiles for the
Transmitters were almost identical to pre-
launch full-power tests, thus confirming a
high-power output for both channels. All
telemetry indications for the TV Camera
equipment were normal.
The telemetry data for the F-Channel Video
Combiner output indicated that the video out-
put was greater than expected.
The performance of the TV Subsystem telem-
etry was normal throughout the mission. The
90-point commutator had stopped on datapoint
No. 70 at the end of the prelaunch test and
started on the same point at the initiation of
full power. It can be assumed that there was
no movement of the commutator during cruise
mode. Thus, on the basis of the analysis of
the telemetry data, it may be concluded that
the TV Subsystem performed a normal mis-
sion.
5. Operational Support Equipment
Approximately 72 hours before launch of the
Ranger VIII Spacecraft, a complete alignment
of the Ranger Operational Support Equipment
(OSE) at the Echo site (DSIF-12) and Pioneer
site (DSIF-11) of the Goldstone tracking sta-
tion was ititiated. This alignment was per-
formed in accordance with the procedures of the
Ranger specifications as specified in the Ran-
ger operational procedure. The data from the
alignment procedures were submitted to JPL
more than 24 hours before launch. No dis-
crepancies were noted in any of the test data
obtained.
After launch, an abbreviated check of overall
OSE operation was performed before each
pass of the Ranger VIII Spacecraft over the
Goldstone tracking station. The pretrack
checkouts were performed in accordance with
Ranger operational procedure. No discrep-
ancies were noted in the test data obtained.
The evaluation of cathode ray tubes (CRT) to
select the most suitable units for use in the
OSE film recorders during the Ranger VIII
mission followed the same general procedures
employed during previous Ranger missions.
Curves for 35-mm film density as a function
of CRT grid-drive voltage were obtained for
eight selected cathode ray tubes, and a record
of CRT performance was obtained with dif-
ferent lens f-stops on the 35-ram film cam-
eras. All 35-mm film for the evaluation was
developed to a gamma of 1.40, as determined
from previous Ranger missions. The criteria
utilized during the film-density calibration
were:
• Black was defined as the lowest video
signal (peak-to-peak voltage from sync
tip) obtained with the TV camera lens
capped. The G1 bias of the CRT was
then adjusted to obtain a 35-ram film
density of 0.4 ±0.05 for that video sig-
nal; and
• Peak white was defined as the highest
peak white signal (peak-to-peak voltage
from sync tip} given on the TV camera-
calibration data sheets. The Glgain of
the CRT was then adjusted to obtain a
35-ram film density of 1.9 ±0.1 for that
video signal.
C. FLIGHT MODEL 111-3 (RANGER VIII)
EQUIPMENT PERFORMANCE
1. General
The receipt of 7,140 high-quality television
pictures of the lunar surface attests to the
overall performance of the Flight Model III-3
TV Sub _,_3tem during the Ranger VIII mission,
and in particular to the performance of the TV
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CameraAssemblies. Thetelemetrydatare-
ceivedthroughoutheRangerVIII missionin-
dicatedthat the thermal-control, power, and
telecommunicationsequipmentfunctionedas
predicted from the results of prelaunchsys-
tem tests. Proper operationof the control
circuitry is evidencedbythefact thatallcom-
mandswere processedandexecutedontime
andin goodorder.
The level of performance of the TV cameras
and associated video processing equipment
can be evaluated by a review of the 35-mm
film and magnetic-tape recording of the video
information obtained. The large bandwidth in
the RF channel permits an accurate determi-
nation of al! important parameters for the
Camera Group. The quality of the pictures,
the video-signal levels, and signal strength
measured during the mission are used to
evaluate the performance of the Communica-
tions Group. The Thermal Control and Power
Groups are best evaluated from the telemetry
received.
2. Camera Group
a. PICTURE ANALYSIS
(1) General
The four partial-scan and two full-scan TV
cameras aboard the Ranger VIII Spacecraft
obtained 7,140 pictures during the 23-minute
10-second full-power mode of the mission.
All pictures were of good quality with the ex-
ception of the pictures obtained by the P2
Camera during the final 5 minutes of termi-
nal-mode operation. The mesh of the vidicon
in the P2 Camera became microphonic during
this period, and although the microphonic sig-
nal was objectionable, there was very little
loss of information. The microphonic signal
produced a number of horizontal bars across
the picture. The amplitude of these bars is
less than 20 percent of the dynamic range, so
that lunar-surface details are still visible in
all frames.
The exposure settings of the cameras with 3-
inch focal-length, f/2 lenses {l_b, Pl, P2) pro-
vided balanced pictures during the entire mis-
sion, while the exposure settings of the
cameras with 1-inch focal-length, f/0.95 len-
ses (Fa, P3, P4) provided optimum pictures
only during the last 10 minutes of the mission.
There was considerable compression of video
in the "on-line" kinescope display of the Fa,
P3, and P4 pictures during the first thirteen
minutes of operation. There is, however,
very little saturation in the video signals
from the TV Cameras. This problem can be
corrected by adjusting the drive signal to the
OSE kinescope and recording video on 35-mm
film from the playback of the magnetic tape.
The Camera Assemblies performed satisfac-
torily throughout the mission and would have
met mission requirements for ground resolu-
tion if a terminal maneuver had been per-
formed to align the common optical axis of
the six cameras with the spacecraft velocity
vector. Examination of film reproduced from
magnetic tape playback revealed that impact
occurred after 13 percent of a P4-Camera
picture had been read out. The precedingpic-
ture from the P2 Camera represented an area
of approximately 23 by 29 meters. Craters as
small as 0.3 meter in diameter would have
been visible; however, the lack of a terminal
maneuver caused approximately 1.3 meters of
smear in each of these partial-scan pictures.
The last picture from the P1 Camera repre-
sented an area of approximately 56 by 70
meters, and would have shown craters as
small as 0.75 meter in diameter. Table 22
lists the resolution, area coverage, and trans-
lational smear in each of the final 24 partial-
scan pictures and the final four full-scan
pictures. The geometry of the spacecraft ap-
proaching impact is presented in Figure 49.
(2) Final Partial-Scan Picture
The final partial-scan picture was a fragment
from the P4 Camera and is shown in Figure
50. By use of a line selector, it was deter-
mined that impact occurred approximately 340
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TABLE 22
CHARACTERISTICS OF FINAL PARTIAL-SCAN AND FULL-SCAN PICTURES
Camera
P4
P2
P3
Pl
P4
P2
P3
P1
P4
P2
P3
Pl
P4
P2
P3
P1
P4
P2
P3
P1
P4
P2
P3
P1
F a
Fb
Fa
Fb
Time from
Impact
(msec)
86.8
286.8
486.8
686.8
926.8
1126.8
1326.8
1526.8
1766.8
1966.8
2166.8
2366.8
2606.8
2 806.8
3006.8
3206.8
3446.8
3646.8
3846.8
4046.8
4286.8
4486.8
4686.8
4886.8
2070.0
4650.0
7210.0
9770.0
Range
(kilo-
meters)
.
0.
1.
1.
2.
2.
2.
3.
3.
4.
4.
5.
5.
6.
6.
7.
19
627
O8O
5061
O7
48
95
355
95
33
83
203
83
18
7O
O5
7.70
8.04
8.57
8. 895
9.58
9.89
10.44
10.74
4.21
10.99
14.51
23.06
Emission
Angle
(degrees)
38.0
37.0
37.8
36.8
38.0
37.8
37.8
36.8
38.0
37.0
37.8
36.8
38.0
37.0
37.8
36.77
38.0
37.0
37.77
36.75
38.0
36.94
37.75
36.74
29.0
41.9
28.8
41.8
Resolu-
tion
(m/olp)*
0.21
0.233
1.21
O.56
2.31
0.93
3.30
1.25
4.42
1.61
5.4O
1.94
6.53
2.31
7.50
2.63
8.63
3.00
9.60
3.32
10.70
3.69
11.7
4.00
4.70
4.10
16.2
8.6
Approximate
Coverage
(meters x
meters)
21 x27
23 x29
121 x 154
56 x 71
231 x 294
93 x 118
330 x 420
121 x 159
442 x 560
161 x 205
540 x 686
195 x 248
653 x 830
231 x 293
750 x 950
263 x 333
863 x 1100
300 x 381
960 x 1220
332 x 422
1070 x 1360
369 x 470
1170 x 1500
400 x 510
1880 x 2150
1640 x 2200
6500 x 7400
3440 x 4600
Translational
smear
(meters)
6.2
5.6
1.07
2.33
0.56
I.40
O. 39
1.04
0.30
O. 81
0.24
O. 67
O. 20
O. 56
0.17
O. 50
0.15
0.43
0.14
0.39
0.12
0.35
0.11
0.32
0.86
0.43
0.25
0.21
_m/olp: Resolution is given in meters per optical line pair
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Figure 49. Ranger VIII Spacecraft Geometry Prior to Impact
microseconds after the start of scan line 036.
By measuring the projected image, it was de-
termined that 13 percent of the P4 picture had
been read out at impact, or that approximately
25.1 milliseconds of the total 193-millisecond
readout time of the P4 camera had been com-
pleted. Knowing the vertical-blanking time
(6.6 milliseconds) and the time from the end
of P4 shutter travel to the beginning of P4
Camera readout (55 milliseconds) that occurs
during P2 Camera readout, the approximate
time of P4 Camera exposure before impact
can be determined:
25.1 milliseconds of P4 Camera video
readout
6.6 milliseconds of vertical blanking
55.0 milliseconds during P2 Camera video
readout
86.7 milliseconds; APPROXIMATE TIME
OF P4 CAMERA EXPOSURE BE-
FORE IMPACT.
The 55-millisecond period during P2 Camera
readout is an optimistic figure. The average
time of this interval was measured as 60 to
65 milliseconds in tests performed at RCA,
so that exposure may have taken place as
much as 97 milliseconds before impact.
Computation of the distance from the camera
to the lunar surface during shutter operation
requires knowledge of the time of exposure
before impact, the velocity vector of the
spacecraft, and the orientation of the space-
craft with respect to the velocity vector.
Spacecraft velocity is determined by tracking
of radio signals from the spacecraft. Space-
craft orientation is determined from attitude
data transmitted from the spacecraft, which
is processed by a computer in the ground sta-
tion to determine the lunar-surface features
that will be photographed. Some inaccuracies
exist in the computer printouts because of
measurement precision and errors in the
attitude-control system of the spacecraft.
Based on the information available, it was
determined that the final picture from the P4
Camera was taken at a distance of 160 meters
from the lunar surface.
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Figure 50. Ranger Vlll Final Partial-Scan Pictures 
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(3) Final Full-Scan Picture 
The final full-scan picture, shown in Figure 
51, was taken by the Fa Camera. The line 
selector indicated that impact occurred on 
scan line 889, after 1.97 seconds of video 
had been read out. From the vertical blanking 
time (46 milliseconds) and the time from the 
end of Fa shutter travel to the start of Fa 
Camera readout (65 milliseconds) the approx- 
imate time of exposure of the final Facamera 
picture can be determined: 
1.97 seconds of F Camera video readout 
0.046 second of vertical blanking 
0.065 second during F Camera video 
a 
b readout - 
2.08 seconds; APPROXIMATE TIME OF 
Fa CAMERA EXPOSURE BEFORE 
IMPACT. 
The F Camera was approximately 3.7 kilo- 
meters from the moon at the time of the last 
exposure. The coverage provided by the last 
a 
t- 
Fa-Camera picture was approximately 1.8 
by 2.1 kilometers, and craters down to 6 
meters in diameter could be seen. The trans- 
lational smear in the final Fa picture was 
about 4 meters. 
The final Fb picture, shown in Figure 52, was 
taken 2.56 seconds earlier, o r  4.65 seconds 
before impact. This picture represents lunar- 
surface coverage of approximately 1.6 by 2.7 
kilometers. The final Fb picture had only 
1.7 meters of translational smear so that 
much more detail can be discerned than in 
the final Fa picture. 
(4) Picture Nesting 
Because a terminal maneuver of the Ranger 
VI11 Spacecraft was not performed, the mission 
requirement of picture nesting was not ac- 
complished. The fulfillment of picture nesting 
was based on the prerequisite that the com- 
mon optical axis of the television cameras is 
aligned along the spacecraft velocity vector. 
Figure 51. Ranger Vlll Final Fa-Camera Picture Figure 52. Ranger VI11 Final Fb-Camera Picture 
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Although there was no nesting in the pictures, 
considerable coverage overlap existed in all 
but the final few pictures from the partial- 
scan cameras. 
The pictures provided continuous coverage of 
the lunar surface over a distance of morethan 
750 miles, and more than 50 percent overlap 
existed in all pictures but those taken during 
the final 30 seconds. A s  the spacecraft ap- 
proached the lunar surface, the degree of 
overlap in successive Fb pictures and suc- 
cessive Fa pictures was  reduced. The overlap 
in the successive pictures decreases until the 
final picture i s  approximately tangent to the 
previous Fa picture. There is less reduction 
in picture overlap in the final Fb pictures. 
The field of view of the Fb Camera, however, 
does overlap the field of view of the Fa 
Camera, and the combined coverage of the Fa 
and Fb pictures provides more than 50 percent 
overlap on all pictures transmitted by the 
full-scan. cameras. The overlap is high even 
in the last Fa and Fb pictures. Figures 53 
through 58 show the lunar surface at suc- 
cessively closer ranges extending from seven 
Figure 53. Ranger Vlll Fb-Camera Picture Taken 7 
Minutes Before Impact (470 miles altitude) 
SEC IV  
minutes before impact to 0.4 second before 
impact of Ranger VIII. 
b. EVALUATION OF CAMERA PERFORMANCE 
An evaluation of camera performance during 
the Ranger VI11 mission was  made by reviewing 
35-mm film copies of the Prime on-line Data 
(POD) and Secondary on-line Data (SOD). These 
data were analyzed to determine whether the 
camera performance during the mission de- 
viated from the performance observed in pre- 
launch t e s t  at  RCA, JPL, and ETR. In 
particular, the performance of the cameras 
during System Test No, 7, performed at ETR 
on February 6, 1965, was used as the basis of 
comparison. 
(1) Image Degradation 
Shutter-Induced Noise. - Review of the partial- 
scan data revealed the presence of some 
shutter-blade discharge noise. The noise 
was equally distributed between the video out- 
puts of the P2 and P3 Cameras, and was 
limited to only a few of the 1600 frames of 
Figure 54. Ranger Vlll Fb-Camera Picture Taken 4 
Minutes Before Impact (270 miles altitude) 
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Figure 55. Ranger Vlll Fa-Camera Picture Taken 2 
Minutes 15 Seconds Before Impact (151 miles altitude) 
Figure 57. Ranger Vlll Fb-Camera Picture Taken 25.13 
Seconds Before Impact (27.5 miles altitude) 
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Figure 56. Ranger Vlll Fb-Camera Picture Taken 45.6 
Seconds Before Impact (50 miles altitude) 
Figure 58. Ranger Vlll P3-Camera Picture Taken 0.4 
Second Before Impact (2400 feet altitude) 
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video data received. These fast noise pulses
had been observed in test to be predominantly
in time-coherence with the end-of-shutter
stroke. They are induced into the video output
by an electrostatic discharge from the shutter
blade to the detent spring. When the shutter
blade travels along the nyloc blade guide in
the shutter assembly, it acquires an electro-
static charge. The blade then discharges when
gravity causes it to contact the grounded
detent spring.
The amount of shutter blade discharge noise
observed in the P2 Camera video output was
considerably less during the mission than in
the system testing. Less than 1 percent of
the P2 pictures contained shutter-blade dis-
charge noise pulses compared with 40 percent
during System Test No. 7. This reduction in
noise was anticipated, based on the results of
the Ranger VII mission compared with test
results. The reduction is attributed to the fact
that during a mission, the shutter is operating
in a zero-gravity field so that no force
existed to cause blade contact with the detent
spring.
Vidicon and Nuvistor Microphonics. - The
vidicon microphonic level of the P2 Camera
was higher during the final 5 minutes of the
Ranger VIII mission than the level observed
during prelaunch system testing. The vidicon
mesh of the P2 Camera became microphonic
after 18 minutes of full-power operation. This
problem was not experienced during the major
portion of prelaunch testing since most simu-
lated missions and tests entailed less than 15
minutes of camera operating time. During
the tests at RCA, however, a 30-minute op-
erational test of the P-Channel was performed.
During this test, the P2 Camera exhibited
a similar microphonic signal near the end
of the test run. This camera also revealed
some m i c r o p h o n i c characteristics during
thermal-vacuum testing at 95°F, which were
similar to the performance experienced after
18 minutes of full-power operation during
the Ranger VIII mission.
The 35-mm films of the P2 Camera video
output were studied to determine the effect
of the mesh microphonics on picture quality.
The magnitude of the microphonics was judged
subjectively by assigning a 0-to-10 rating to
each video frame. With this technique of rating
the severity of observed microphonics, a
video frame assigned a rating of 10 exhibits
severe microphonics; a level of 5 indicates
moderate mierophonics; and a level of 1 indi-
cates that the microphonics are scarcely
discernible. A picture assigned a rating of 10
would have horizontal bars going from black
to white.
From the 1600 frames of P2 Camera video
reviewed, 120 frames were assigned a micro-
phonic level of 4 or 5, and 40 frames were
rated at a level of 6, 7, or 8. Therefore, 160
video frames were found to have a moderate
or objectionable level of mesh microphonics.
Even with this number of microphonic frames,
there was very little loss of video information,
because the lunar scene changed very little in
adjacent pictures. The microphonic level was
not constant in a series of exposures, so there
are nonmicrophonic pictures in each series of
exposures of a given point on the lunar sur-
face. Examples of P2 Camera video exhibiting
moderate and severe levels of microphonics
are presented in Figure 59.
15-Kilocycle Crosstalk. - Some 15-kc cross-
talk noise was observed in the video out-
put from the F b Camera. This noise originates
in the erase deflection circuitry of the F a
Camera. The F b Camera is being read out
while the F a Camera is being erased and pre-
pared for exposure. Part of the prepare cycle
of the full-scan cameras involves increasing
the vertical sweep read rate from 0.39 cps
to 15 kc so that the scan-erase image is be-
yond the bandwidth of the scanning aperture
and video amplifier. The sweep voltages must
also be increased to ensure that a sufficient
area of the photoconductor will be scanned
at the 15-kc rate. The 15-kc signal present in
the vertical deflection coil of the F a Camera
appears in the F b Camera video output as a
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Figure 59. Examples of Ranger Vlll P2-Camera Video Data Exhibiting Moderate and Severe Vidicon Microphonics 
low-amplitude sine wave of 30 cycles on each 
horizontal scan line. The phase between the 
15-kc signal and the horizontal sweep signal 
is  nearly constant so the effect is the 30 verti- 
cal bands appearing on the picture. The ampli- 
tude of the crosstalk signal is generally less 
than 50 microvolts, peak-to-peak. The output 
of the Fa Camera was not affected by 15-kc 
crosstalk during the Ranger VI11 mission. 
(2) Shutter-Exposure Variations 
The variations in exposure between the “in” 
and “out” strokes of the shutters were rela- 
tively minor during the Ranger VI11 mission. 
The speed of the shutter blade i s  approxi- 
mately the same for all cameras. The Ranger 
VI11 shutters were selected to give uniform 
exposure, and much smaller variations were 
noted as  compared to the Ranger VI1 mission. 
(3) Residual Image 
Very little o r  no evidence of any residual sig- 
nal from previous exposures existed in the 
Ranger VI11 video data. The partial-scan 
cameras displayed less  than one percent of 
residual image. The pictures from the full- 
scan cameras also had very little residual 
image, and no residual information could be 
observed in the final full-scan pictures. 
(4) Light Transfer Characteristics 
Prior to launch, the light transfer charac- 
teristics of each Ranger VI11 camera were 
determined. This was  accomplished by meas- 
uring the response of the camera to a narrow 
white bar of known luminance. The response 
was measured at the center of the scanned 
format. The gains of the Fb, P1, and P2 
Cameras were adjusted for a peak scene 
luminance of 1500 footlamberts, and the gains 
of the Fa, P3, and P4 Cameras were adjusted 
for a peak scene luminance of 650 foot- 
lamberts. The luminance of the calibration 
source was varied and the video excursions 
at the output of the distribution amplifierwere 
recorded. Light transfer curves were plotted 
from the data recorded for each camera. A 
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tape playback of the video recorded during
these tests was recorded on the 35-mm film
copy of the video received during the mission.
By using a densitometer, the luminance of
points on the lunar surface can be determined
approximately.
C. RANGER VIII CAMERA MODIFICATIONS
The several modifications incorporated into
the cameras of the Ranger VIII TV Subsystem
provided improved performance over the
Ranger VII mission. Most of the modifications
to the cameras were intended to reduce the
level of microphonics experienced with par-
ticular cameras.
Some of the nuvistors used in the preamplifier
circuit of the Ranger VIII cameras were pre-
selected for minimum microphonic suscepti-
bility. During the Ranger VIII mission, only
the video output of the P3 Camera, for which
the nuvistor was not specially selected, re-
vealed any indications of nuvistor micro-
phonics. In addition, the revised method of
mounting the nuvistor in the camera head
contributed to the reduction of microphonics.
The use of polyurethane for encapsulating the
nuvistor greatly reduced the sensitivity of the
nuvistor to microphonics.
Another camera modification credited with
suppressing the level of microphonics was
the new-design shutter isolator installed on
the Ranger VIII cameras. The modification
involved a change of the shutter shock iso-
lators from individual grommet configurations
to a complete castellated-gasket configuration
designed to provide an interference fit in the
camera head. The new isolator was fabricated
from blue polyurethane (Thiokol formulation 5).
The new technique for aligning the vidicon
and focusing the cameras resulted in higher-
resolution video data during the mission. The
new technique, was developed after a shift of
the best focal plane of the cameras, between
ambient and vacuum conditions, was dis-
covered during Ranger VIII prelaunch tests.
An additional change in the location of the
focal plane resulted from the thermal expan-
sion and contraction of camera components.
The new focusing technique minimized this
problem by compensating for the anticipated
change in focal length in vacuum. The cameras
were focused at ambient condition with a
0.0025-inch shim installed between the lens
and vidicon faceplate. When the shim was re-
moved, the camera was properly focused for
operation in a vacuum environment.
3. Thermal Control Group
The thermal configuration of the Ranger VIII
TV Subsystem is identical to that of the
Ranger VI and Ranger VII Subsystems.
a. FLIGHT TEMPERATURE PREDICTIONS
To predict the flight temperatures for Ranger
VIII, the ratio factors determined from the
analysis of the Ranger VI flight data were
used. The determination of these factors is
discussed earlier in this report. The equa-
tions used in the temperature calculations were
derived from a least squares fit of spacecraft
temperatures.
The energy input to the TV Subsystem was
calculated by applying the ratio factors to
the results of the calculations for the direct
solar energy input, which was incident upon
the top surfaces of the temperature-control
fins. The ratio factors empirically account
for reflections and deviations from predicted
inputs as experienced in the Ranger VI flight.
Table 23 summarizes these predictions and
the telemetered cruise-mode temperatures.
b. THERMAL-CONTROL PAINTS APPLIED TO
RANGER-VIII
The paints used on the fins of the Ranger VIII
TV Subsystem were a mixture of PV-100white
paint and MIL-E-5557 type III black paint and
are identified as light gray (RCA Drawing
1758619-29) and dark gray (RCA Drawing
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1758619-30),respectively. Mixtures of the
gray paints werepreparedin November1964
for use on the RangerVIII TV Subsystem.
In aneffort toobtainthe sameflight tempera-
tures on RangerVIII as occurredonRanger
VII, the solar absorptivities of the paints
weredecreased.This decreaseallowedfor the
increased solar constantat the time of the
anticipated Februarylaunch.Thedesired
values of solar absorptivity for the Ranger
VIII paints were 0.48and 0.67as compared
with 0.51 and0.71 for RangerVII. Samples
of the paint were sent to JPL for measure-
mentat STL.
c. SUMMARY
Temperatures of the five points monitored
during cruise mode were all within 5°F of
TABLE 23
CRUISE-MODE EQUILIBRIUM TEMPERATURE PREDICTIONS FOR FLIGHT MODEL 111-2
Locationon TV Subsystem
Thermal Shroud, Hat, (-Y side)
Camera Lens Housing
Thermal Shroud, (-Y side, below fin A}
P-Battery, Internal
Camera Electronics, (-Y side}
F-Channel Power Amplifier, (-X side,
cavity end)
P-Channel Power Amplifier, (+X side,
cavity end)
Camera Mounting Bracket
P-Channel HCVR, (+Y side)
P-Transmitter Power Supply, (+X side}
Temperature Control Plate (fin F)
Thermal Shroud, (+Y side, below fin A}
Thermal Shroud, (-Y side, between fins
B&C}
Deck No. 3, (-Y side}
Deck No. 4, (-Y side)
Deck No. 5, (-Y side}
Temperature
Calculated by
RCA
Absorptivity
°C °F
23 73
13 55
21 70
20 68
21 70
21 70
Temperature
Calculated by
JPL/STL
Absorptivity:
°C °F
26 79
16 61
24 75
23 73
24 75
24 75
21 70 24 75
21 70 23 73
17 63 20 68
18 64 21 70
30 86 33 91
20 68 23 73
26 79 29 84
25 77 28 82
21 70 24 75
17 63 20 68
Actual Flight
Temperature
(Telemetry, RA-8)
°C °F
29 84
18 65
26 79
27 80
22 71
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the midpointof the predicted rangeof stabi-
lized cruise-mode temperatures.Thus, the
temperaturesof the spacecraftwere within
the rangeof desirableoperationfor the initi-
ation of terminal operationasverifiedduring
a numberof testsat this samelevel. A com-
parisonof test temperaturesandflight tem-
peratures for the sameperiod of operation
is listed in Table24.
4. Telecommunications Group
a. RF POWER OUTPUT DURING TERMINAL MODE
Evaluation of telecommunications performance
during the Ranger VIII mission is based on
the RF power transmitted by the F- and P-
Channel Transmitters. The data obtained dur-
ing the Ranger VIII mission supports the
contention that the communications perform-
ance compared closely with the results of
prelaunch final system tests, which were
nominal.
The results of the different power-measuring
techniques used vary by _-1 db; however, this
is of no consequence, since the received RF
signal level was 10 db above receiver thresh-
old. At such a strong signal level, the peak-
to-peak signal-to-rms noise ratio was ap-
proximately 40 db, and no degradation of
picture quality would have occurred as the
result of a 1-db decrease in the received
signal level.
Figure 60 is a plot of the power profiles for
the F- and P-Channels that result from the
diode-detector power-monitor technique, using
full values of power losses provided by JPL.
The power output for each minute of full-
power operation is presented in Table 25.
The power profile was excellent, as anticipated.
b. TRANSMITTER
Performance of the F- and P-Channel Trans-
mitters can be evaluated by a review of
operational characteristicsduringthe mission.
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(!) Center Frequency
The center frequency of the F-Channel carrier
signal was 7 kc below nominal, as expected.
The center frequency of the P-Channel carrier
signal was 20 kc above nominal, as expected.
(2) Frequency Stability
The frequency of the F-Channel carrier drifted
7 kc during the 23 minutes of full-power op-
eration. This was expected. The frequency
of the P-Channel carrier drifted 8 kc during
the first 2 minutes of full-power operation,
and then only 3-kc for the remainder of the
mission, as expected.
(3) Deviation
Deviation of the F- and P-Channel carriers
was normal.
(4) Transient Response
The rise time of the F-Channel signal was
normal. The rise time of the P-Channel signal
was slow during the first half of terminal
mode, but improved during the later half of
the mission. This variation of rise time was
not a serious problem, since trailing-edge
sync timing is employed. The slow rise time
of the P-Channel signal was the result of a
negative rate response at higher frequencies,
which goes positive after the modulatorwarms
up.
c. TELEMETRYCOMPONENTS
Performance of the telemetry components of
the Communications Group can be evaluated
by a review of the operating characteristics
during the mission.
(1) Cruise Mode
All telemetry components operated satisfacto-
rily during cruise mode. The center frequen-
cy of the Channel-8 3-kc voltage-controlled
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TABLE 24
RA-8 TEST TEMPERATURES vs FLIGHT TEMPERATURES
Telemetry
Point
Location
111-3
Test,
Cruise
III-3
Test,
23 Min
Full
Power
III-3
Test,
23 Min
Full
Power
RA-8
Flight,
Stabilized
Cruise
Mode
Prediction
RA-8
Actual
Flight,
Stabilized
Cruise
RA-8
Impact,
23 Min
Full
Power
°C °F °C °F °C °F °C °F °C °F °C °F
P-Channel Battery, Internal 24 75 27 80 30 86 24 75
±5 ±10
F-Channel Battery, Internal 23 73 27 80 29 84 ....
P-Channel Battery, External 23 73 26 79 29 84 ....
F-Channel Battery, External 23 73 27 30 29 84 ....
F a Camera Lens Housing
Camera Mounting Bracket
Camera Electronics
28 82 28 82 28 82 16 61
±5 ±10
Thermal Shroud
Hat (-Y)
Thermal Shroud
Lower (-Y)
Thermal Shroud
Lower (+Y)
Bulkhead Near
P-Channel P.A.
Bulkhead Near
F-Channel P.A.
Deck 5 (-X, -Y)
Deck 4 (+Y)
Deck 4 (-Y)
26 79 29 84
.... 29 84
.... 29 84
.... 29 84
18 64 24 75
27 80 27 80 27 80 ........ 28 82
29 84 37 98 39 102 19 66 21 70 27 80
±5 ±10
21 70 24 75 24 75 27 80 29 84 29 84
±5 ±i0
25 77 32 89 35 95 24 75 26 79 33 91
±5 ±10
25 77 30 86 33 91 ........ 34 93
26 79 48 118 54 129 ........ 50 122
27 80 52 125 56 133 ........ 52 125
21 70 27 80 30 86 ....
25 77 32 89 35 95 ....
26 79 35 95 33 102 ....
.... 34 93
.... 36 97
.... 38 100
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Figure 60. Ranger VIII F- and P-Channel Power Profile Throughout Terminal Mode
oscillator (VCO) was 3000 -_ 1 cps, and had a
deviation of approximately 95 eps. All 15-
point telemetry data were normal and free
of noise.
(2) Terminal Mode
The center frequencies of the F- and P-
Channel 225-kc VCO's were 0.5 to 1.0 ke
higher than nominal. However, the frequencies
were within the linear range of the 225-ke
discriminators in the ground station. The 15-
and 90-point telemetry data received from the
F- and P-Channel Transmitters were accurate
and free of noise.
5. Controls Group
a. SATISFACTION OF MISSION REQUIREMENTS
Operation of Controls Group duringthe Ranger
VIII mission was normal. TV Subsystem turn-
on was accomplished by a CC&S warm-up com-
mand (TV-2) from the spacecraft Bus as part
of the terminal-maneuver sequence. Full-
power operation of the TV Subsystem was
initiated by outputs from the F- and P-
Channel 80-second timers in the Sequencer
Assembly. No irregular or anomalous opera-
tion of the Controls Group was observed
throughout the mission.
Some functions of the Controls Group, such
as F- and P-Channel turn-off by RTC-5
command, and initiation of Subsystem warmup
mode by Clock output or by RTC-7 command,
were not exercised. Thus, no statement con-
cerning the performance of these functions
can be made.
b. EVALUATION OF PERFORMANCE
(1) Electronic Clock
The performance of the Electronic Clock dur-
ing the Ranger VIII mission was satisfactory.
The 64-1/4 hour count by the Clock was
initiated by the closure of a microswitch in
the spacecraft Bus at Agena-booster separation
(S + 0).
All telemetry pulses from the Clock, up to
and including the 64-hour pulse, occurred
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TABLE 25
F- AND P-CHANNEL POWER OUTPUT DURING TERMINAL MODE
Minutes of
Full-Power Operation
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
F-Channel Power Output
DBM Watts
43.89 24.4
45.59 36.1
45.59 36.1
45.79 38.0
45.79 38.0
45.79 38.0
45.79 38.0
45.89 39.0
46.09 40.6
45.79 38.0
45.79 38.0
45.89 39.0
45.89 39.0
45.79 38.0
45.79 38.0
45.79 38.0
45.59 36.2
45.59 36.2
45.59 36.2
45.39 34.5
45.29 33.8
45.29 33.8
45.19 33.0
45.09 32.3
P-Channel Power Output
DBM Watts
21.8
30.9
32.6
34.6
34.6
34.6
34.6
34.6
35.6
34.6
35.6
35.6
35.6
35.6
34.6
34.6
34.6
34.6
34.6
34.6
33.6
33.6
33.6
33.6
43.39
44.89
45.14
45.39
45.39
45.39
45.39
45.39
45.51
45.39
45.51
45.51
45.51
45.51
45.39
45.39
45.39
45.39
45.39
45.39
45.27
45.27
45.27
45.27
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well within the specified time limits. Since
TV Subsystem turn-on was not accomplished
by the Clock output pulse, no positive indica-
tion of Clock turn-on was available.
Table 26 lists the predicted and actual elapsed
time to each Clock telemetry pulse, beginning
with Clock start at Agena booster separation.
The time for the Clock output pulse, deter-
mined by extrapolation, was assumed to have
occurred after an elapsed time of 64 hours
16 minutes 15 seconds, or 75 seconds later
than nominal, but well within the 5-minute
tolerance.
A comparison of flight versus test perform-
ante of the Clock is presented in Table 27.
TABLE 26
PREDICTED AND ACTUAL ELAPSED TIMES (1) OF CLOCK TELEMETRY PULSES
Clock Telemetry Pulse
Start (2)
1
2
3
4
5
6
Time (GMT)
Day 48 - 17:30:14
Day 49 - 01:30:2
Day 49 - 09:30:36
Day 49 - 17:30:48
Day 50 - 1:30:38
Day 50 - 17:31:08
Day 51 - 09:31:39
Elapsed Time from Clock Start(s)
Actual
S+0
S+7h59m58s
S+16h0m24s
S + 24h 0 m 34 s
S+32h0m38s
S+48h0m54s
S+64h lm 15s
Predicted
S+0
S + 8 hrs.
S + 16 hrs.
S + 2 4 hrs.
S ._-32 hrs.
S + 48 hrs.
S + 64 hrs.
(1)Measurement accuracy is +0o -15 seconds.
(2)Time of Agenaobooster separation. No telemetry is available
for this event due to lack of ground-station visibility.
TABLE 27
COMPARISON OF FLIGHT AND TEST PERFORMANCES OF ELECTRONIC CLOCK
Operating Performance_e
Test Temperature (°F)
Unit Flight Acceptance Test
Clock Time Test on TV Subsystem
Mission
32
131
72
71
64-1/4 hours - 33 sec
64-1/4 hours + 86 sec
64-1/4 hours + 62 see
64-1/4 hours + 75 sec
*Measurement accuracy is + O, -15 seconds.
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(2) 8D-Second Timer Circuits
The F- and P-Channel 80-second timers in
the Sequencer Assembly performed satis-
factorily during the mission to initiate full-
power transmission.
The count of the 80- second timers was initiated
by the CC&S warmup command from the
Spacecraft Bus as part of the terminal-
maneuver sequence. Timer periods observed
during the mission are given in Table 28.
The accuracy of the individual observations
is within *0.100 seconds, resulting in a maxi-
mum error of 0.200 for the nominal timer
period. Comparison of flight and test per-
formances for the 80-second timers is pre-
sented in Table 29.
(3) Command Control Unit (CCU)
Operation of the Command Control Unit was
normal during the Ranger VIII mission. C ruise-
mode turn-on was accomplished 15 minutes
prior to launch through the "Cruise on Test _
umbilical line to the Command Control Unit.
Clock turn-on was also performed through
the CCU by means of a microswiteh closure
on the Clock-start input line at Agena-booster
separation.
(4) Distribution Control Unit (DCU)
All command and control functions of the Dis-
tribution Control Unit, which were exercised,
were performed satisfactorily during the
mission.
TABLE 28
80-SECOND TIMER PERIODS DURING RA-$ MISSION
P-Channel Timer
F-Channel Timer
StartWarmup
(GMT)
09:33=09
09:33:09
Start Full Power
(GMT)
09:34:28
09:34:31
Timer Period
(seconds)
79.0
82.0
TABLE 29
COMPARISON OF FLIGHT AND TEST PERFORMANCES OF
F- AND P-CHANNEL 80-SECOND TIMERS
Temperature (°F) P-Channel F-Channel
Unit Flight Acceptance
Test
RA-8 Mission Test*
RA-8 Actual Mission*
32
131
95
78.83
80.15
79.0
79.0
81.86
81.77
82.0
82.0
* Measurement accuracy is +- 1.0 second.
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(5) HCVR Control Module
All portions of the HCVR control module,
which were exercised, performed satisfac-
torily. The turn-on fail-safe features incor-
porated in this module functioned in a proper
manne r.
6. Power Group
The Power Group of the Ranger VIII TV Sub-
system consisted of the F- and P-Channel
Batteries, the F- and P-ChanneIHigh-Current
Voltage Regulators (HCVR), and the Low-
Current Voltage Regulator (LCVR). The per-
formance of all assemblies of the Power
Group was normal during the Ranger VIII
mission.
a. BATTERIES
The F- and P-Channel Batteries performed
normally throughout the mission. Figure 61
shows the budgeted and expended power ca-
pacities of the F- and P-Channel Batteries
for each phase of the Ranger VIII mission.
A capacity of 29.1 ampere-hours was budgeted
for the F-Channel Battery. Of that amount,
a total of 13.3 ampere-hours was expended
during the mission. The cruise-mode output
voltages of the F- and P-Channel Batteries
are shown in Figure 62. Under the no-load
conditions at launch, the F-Channel Battery
voltage was 35.5 volts. From Clock start
(L + 23 minutes) until F-Channel turn-on,
the F-Battery supplied 40 milliamperes of
current to operate the TV Subsystem Clock.
There was not a sharp drop in the F-Battery
voltage at Clock start, but the voltage did
decrease gradually throughout cruise mode.
The Battery reached a plateau voltage of
34.9 volts at launch plus 11 hours and re-
mained at that level untilwarm-up mode. At
initiation of F-Channel warm-up,the F-Battery
output dropped to 33.3 volts at a current
drain of 8.0 amperes; and during full-power
operation, the output dropped to 32.5 volts
at a current drain of 13 amperes. The output-
voltage profiles for the F- and P-Channel
Batteries are shown in Figures 62 and 63 for
cruise and terminal mode, respectively.
For P-Channel, the budgeted Battery capacity
was 34.5 ampere-hours, while 24.0 ampere-
hours of that amount was actually expended
during the mission. The prelaunch voltage of
the P-Channel Battery was 37.9 volts. During
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Figure 61. Ranger VIII F- and P-Channel Budgeted and Actual Battery Capacities
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cruise mode, the P-Channel Battery provided
the power to operate the cruise-mode telem-
etry circuitry, which provided a current drain
of 165 milliamperes. At launch plus 16 hours,
the P-Channel Battery had reached a plateau
of 34.6 volts and remained at this level until
P-Channel warm-up. At initiation of warm-up
mode, the P-Battery output voltage dropped
to 32.8 volts at a current drain ofl0 amperes.
At full-power operation of P-Channel, the
P-Battery voltage decreased to an output of
32.3 volts at a current drain of 15 amperes.
b. VOLTAGE REGULATORS
The outputs of the Low-Current Voltage Regu-
lator (LCVR) and the F- and P-Channel High-
Cur rent Voltage Regulators (HCVR) were
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constant during their respective periods of
operation. The output of the Low-Current
Voltage Regulator was -27.4 volts throughout
the mission. The F- and P-Channel High-
Current Voltage Regulators each provided an
output of -27.65 volts during full-power op-
eration. These outputs were well within the
specified output of -27.5 + 0.5 volts.
The performance of the High-Current Voltage
Regulators during the Ranger VIII mission was
consistent with the performance observed dur-
ing prelaunch testing. Table 30 presents a
comparison of the mission and prelauneh test
performances. The differences observed in the
outputs of the regulated voltages are probably
due to reading accuracy.
TABLE 30
COMPARISON OF PERFORMANCE OF HIGH-CURRENT VOLTAGE REGULATORS
DURING PRELAUNCH TESTING AND RA-8 MISSION
Environment
Pressure Temperature
(mm Hg) (°F)
Voltage
Unregulated Regulated
Input (volts) Output (volts)
F-Channel High-Current Voltage Regulator
10 -5 32
Unit Test
Mission Verification
Test Number 3
(No wires test)
Mission
i0 -s
10 -5
131
75
-32.08 -27.5
Space -32.5 -27.65
P-Channel High-Current Voltage Regulator
10 -6 32 -33.0 -27.6
-30.5 -27.6
10-5 131 -33.0 -27.79
-30.5 -27.77
10-5 75 -31.85 -27.45
Space -32.4 -27.45
Unit Test
Mission Verification
Test Number 3
(No wires test)
Mission
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Ranger IX Mission Evaluation
A. SUMMARY OF RANGER IX MISSION resulting decrease in temperature during this
time.
1. Prelaunch 3. Cruise Mode
Approximately 3 hours before launch, the TV
Subsystem was turned on in the reduced pow-
er mode for a final system check. Telemetry
and video indications were normal except for
one telemetry temperature sensor, which was
recalibrated at this time. The countdown
continued; at launch minus 25 minutes, cruise-
mode telemetry was turned on. The telem-
etry data, evaluated by both the ETR launch
team and the TV Subsystem analysis group,
indicated that all assemblies of the TV Sub-
system were functioning normally.
2. Launch
The Ranger IX Spacecraft was successfully
launched from the ETR at 21:37:02 GMT on
March 21, 1965 (Day 80). The launch was ac-
complished by an Atlas-Agena launch vehicle.
The complete Ranger IX mission events list
is presented in Table 31. At launch, the um-
bilical cable was disconnected from the launch
vehicle, removing the full-power-inhibit cir-
cuit, which permitted only a reduced-power
Subsystem output of approximately 125 milli-
watts. The TV Subsystem telemetry data re-
ceived by the analysis group from the ETR
during launch confirmed that the TV Subsystem
parameters were normal during the entire
launch phase. The tracking station at Johan-
nesburg acquired the spacecraft approximately
22 minutes after launch and started sending
telemetry data to SDAT. The spacecraft en-
tered the Earth's shadow at approximately
the time of Johannesburg acquisition and re-
mained in the shadow for 33 minutes. The
temperature sensors located on the external
shrouds of the TV Subsystem indicated the
Agena-booster separation occurred at launch
(L) plus 15.4 minutes and generated a com-
mand to the TV Subsystem Clock to start its
63.5-hour count. Clock turn-on was verified
on cruise-mode telemetry. Agena-booster sep-
aration also provided a backup for the re-
moval of the full-power-inhibit circuit, and
started a mechanical timer that provided
backup functions for the spacecraft. One of
these functions was to enable the silicon-
controlled rectifier (SCR) gates in the TV Sub-
system High-Current Voltage Regulators at
separation (S) plus 30 minutes. Approximately
15 minutes after separation, the spacecraft
solar panels were deployed and activated a
microswitch which provided a backup circuit
to enable the SCR gates. At L+70 minutes,
spacecraft acquisition of the Sun was ac-
complished, and 2 hours and 24 minutes
later, Earth acquisition occurred. Thus, the
spacecraft was oriented in its normal cruise-
mode position, with the z-axis pointing toward
the Sun and high-gain antenna pointing toward
the Earth. The 15-point telemetry continued
to indicate normal performance with the 8-
and 16-hour Clock telemetry steps occurring
at the predicted times. Midcourse maneuver
was initiated at approximately L+40 hours.
The 15-point telemetry data from the TV
Subsystem were interrupted for 10 minutes and
43 seconds during midcourse maneuver so
that propulsion and attitude-control informa-
tion could be transmitted over Channel 8.
The midcourse maneuver consisted of a roll
turn of 27.4 ° and then a pitch turn of + 127.9 °.
Thus, the -y shroud and top hat surfaces were
oriented toward the Sun and rose to a peak
temperature of 98 and 124°F respectively
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TABLE 31
RANGER IX MISSION EVENTS LIST
Mission Event
Day 80
Prelaunch Test On
Prelaunch Test Off
Cruise-Mode Telemetry On
Spacecraft on Internal Power
CC&S Uninhibit
CC&S Clear
Launch {L}
Enter Earth's Shadow
Spacecraft/Agena Separation (S)
TV Clock Start
DSIF-51 View Period Start
Transmitter Power Up
Leave Earth's Shadow
Solar Panels Extend Command
Solar Panels Extended
Sun Acquisition Command
Sun Acquisition Complete
DSIF-41 View Period Start
Day 81
DSIF-41 View Period End
Earth Acquisition Command
Earth Acquisition Complete
TV Clock 8-Hour Pulse
DSIF-12 View Period Start
DSIF-51 View Period End
DSIF-41 View Period Start
TV Clock 16-Hour Pulse
DSIF-12 View Period End
DSIF-51 View Period Start
TV Clock 24-Hour Pulse
Day 82
DSIF-41 View Period End
TV Clock 32-Hour Pulse
Event Time (GMT)
Predicted
21:32:00
21:35:00
21:36:00
21:37:01
21:52:30
21:52:30
22:00:00
22:37:00
22: 37:47
22:40:00
01:08:00
05:52:33
13:52:,39
21:52:55
05:53:01
Actual
17:56:00
18:01:01
20:41:31
21:32:03
21:35:00
21:36:00
21:37:02
21:50:22
21:52:26
21:52:26
21:59:33
22:24:01
22:37:01
22:37:51
22:40:01
22: 47:30
22:56:45
Nominal
Mission Time
T-221 min
T-55.5 rain
T-5 rain
T-2 min
T-1 min
T =L =0
S=0
L+23
L+60 min
L+63 min
00:57-56
01:08:02
01:11:50
05:52:36
08:28:39
09:41:49
13: 34:48
13:52:47
17:35:44
21:02:44
21:52:54
02:59:55
05:53:01
L+211 min
S+8 hours
S+16 hours
S+24 hours
S+32 hours
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TABLE 31
RANGER IX MISSION EVENTS LIST (Continued)
Mission Event
Day 82 (ContVd)
DSIF-12 View Period Start
DSIF-51 View Period End
Mideourse Maneuver Start (M)
Roll Correction Start
Roll Correction End
Pitch Correction Start
Pitch Correction End
Midcourse Motor Ignition
Mideourse Motor Turn-off
Sun Reacquisition Command
Sun Reacquisition Complete
Earth Reacquisition Command
Earth Reaequisition Complete
DSIF-41 View Period Start
DSIF-12 View Period End
DSIF-51 View Period Start
TV Clock 24-Hour Pulse
Day 83
DSIF-41 View Period End
DSIF-12 View Period Start
DSIF-51 View Period End
RTC-6 Command Sent
Terminal Maneuver Start (T)
Pitch Correction No. 1 Start
Pitch Correction No. 1 Complete
Yaw Correction Start
Yaw Correction Complete
RTC-5 Command Start
TV Clock Off
Pitch Correction No. 2 Start
Pitch Correction No. 2 Complete
CC&S TV Turn-on (Warm-up)
TV Full-Power On
RTC-7 Command (Not Used)
DSIF-41 View Period Start
Impact
Event Time (GMT)
Predicted
12:03:39
12:03:44
12:05:52
12:13:10
12:22:57
12:30:i0
12:30:40
12:33:40
12:42:40
13:01:40
13:41:40
21:53:15
13:03:13
13:03:20
13:03:44
13:12:44
13:13:59
13:17:00
13:29:44
13:31:18
13:48:14
13:49:34
13:53:14
14:08:20
Actual
08:51:09
10:22:48
12:03:40
12:03:46
12:05:52
12:13:09
12:22:57
12:30:09
12:30:40
12:33:40
12:42:20
13:01:40
13:02:40
13:57:45
18:06:10
21:17:41
21:53:28
03:14:40
08:55:27
10:33:01
13:02:34
13:03:15
13:03:20
13:03:44
13:12:44
13:13:59
13:17:00
13:17:38
13:29:44
13:31:17
13:48:13
13:49:34
14:03:01
14:08:20"
Nominal
Mission Time
M=0
M+5 sec
M+9.5 min
M+26.5 min
M+30 min
M+58 min
S+24 hours
T-40 sec
T=0
T+5 sec
T+9° 5 min
T+26.5 min
T+45 rain
T+50 min
I
*This time is actual impact time (1.3 seconds transmitting time was subtracted from end of data timei
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during the pitch turn. At the end of midcourse
maneuver, the spacecraft was reoriented in its
normal cruise-mode position, and 1 hour later,
the temperatures of the TV Subsystem had
returned to the pre-midcourse values.
The 24- and 32-hour Clock telemetry steps
occurred on time. At the time of the 32-
hour step, the Clock also provided an output
signal, which removed the Clock-output in-
hibit and the RTC-5 Clock turn-off inhibit.
Forty-five hours after launch, the TV "Sub-
system temperatures stabilized at the follow-
ing values:
• F a Camera Lens Housing 65 ° F
• P-Channel Battery 78 ° F
• Top Hat (shroud) 79 ° F
• Lower Shroud 77 ° F
• F b Camera Electronics 70 ° F
The 48-hour Clock telemetry signal occurred
62 (+0, -15) seconds late. This indicated that
the Clock was running slow but well within the
5-minute overall tolerance.
4. Terminal Mode
The following information was used to deter-
mine the sequence of terminal events:
• The experimenters reportedthatpietures
taken before approximately 18 minutes
to impact would be no better than earth-
based photographs.
• The spacecraft was functioning normally
and could be expected to perform a nor-
mal terminal maneuver.
• The TV Subsystem was functioning nor-
mally. Analysis of the battery capacities
and Subsystem temperatures indicated
that the F- and P-Channels could operate
in the full power mode for 60 and 30
minutes, respectively. However, it was
noted that for these times, the final
transmitter temperatures would be 5 to
10 degrees F higher than any tempera-
tures seen during Ranger IX testing but
not higher than temperatures on the PTM
and QTM units during testing.
Based on the above, it was decided that the
clock would be turned off after proper opera-
tion of the CC&S had been verified during
spacecraft terminal maneuver, so that the
CC&S could be relied on to turn on the TV
Subsystem. If there were any doubt about the
command link or the operation of the CC&S
unit, the RTC-5 command was not to be sent.
In order to send the RTC-5 command between
the end of the yaw turn and the predicted Clock
turn-on, the terminal maneuver was started at
1-65 minutes instead of 1-60 minutes.
The RTC-6 command was sent at 13:02:34
to start the spacecraft CC&S counter which
supplies the terminal-maneuver commands
to the attitude control system, and the warm-
up (turn-on) and backup full-power commands
to the TV Subsystem. The RTC-5 command
was sent at 13:17:00 to turn off the TV Sub-
system Clock. Upon receipt of the RTC-5
command by the spacecraft, the Clock and
F-Channel Battery current telemetry read-
ings went to 0 and the F-Channel Battery
voltage increased approximately 0.5 volt in-
dicating that the Clock had been turned off.
At the predicted time of 13:48:13, the space-
craft CC&S commanded the F- and P-Channels
into warm-up mode, and, 80 seconds later,
each channel was switched into full power by
the associated Camera Sequencer. For the
next 19 minutes, both channels transmitted
video pictures of the lunar surface.
B. EVALUATION OF REAL-TIME DATA
1. General
The 15- and 90-point telemetry formats are
identical to those of Ranger VIII. As with
the preceding successful flights, 15-point te-
lemetry was used during the cruise portion
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of the flight, and the computer was program-
med for the 90-point diagnostic telemetry
data at about one minute before TV Sub-
system turn-on for entry into the terminal
mode.
2. SDAT Data Accuracy
Cruise-mode telemetry data from Woomera,
Goldstone, and Johannesburg tracking stations
were plotted as minimum and maximum values
sampled every hour, as in the preceding
flights. The telemetry points plotted, to pro-
vide calibration of the various data stations,
were the clock pulse (15-9), the LCVR (15-2},
and the lower-shroud temperature (15-8). All
stations varied no more than 0.1 volt from the
nominal value. A comparison of the electronic
clock telemetry readings between S+32 and
S+48 hours is given in Table 32.
3. Comparison of 15- and 90-point Telemetry
When the TV Subsystem was placed into warm-
up, the 90-point telemetry data were trans-
mitted over the spacecraft Channel 8. Since
these ninety points include values for some of
the same data points as sampled by the 15-
point telemetry during cruise mode, a basis
of comparison was provided for ensuring the
accuracy of the telemetry analysis. A strip-
chart recording of analog telemetry, trans-
mitted over F-Channel and Channel 8, was
made at the Goldstone tracking station on
day 83, starting at 13:56:56 (approximately
10 minutes before impact} and just prior to
impact. It was examined for changes in telem-
etry units. The results of this comparison are
presented in Table 33 and are well within
expected limits.
4. Telemetry Evaluation of TV Subsystem
Performance
The cruise-mode telemetry was employed to
monitor TV Subsystem temperatures and power
supply operation. The actual temperatures of
the TV Subsystem assemblies during cruise
and terminal modes were almost exactly as
predicted in preflight calculations.
The TV Subsystem power supply consisted
of a Battery and a High-Current Voltage
Regulator (HCVR) for each of the F- and P-
Channels, and a I__w-Current Voltage Regu-
lator (LCVR) on the P-Channel only. The
power supply units functioned n o m i n a 11 y
throughout the mission.
At the start of F-Channel warm-up, the 90-
point telemetry data were switched onto Chan-
nel 8. The signal profile from the full-power
command data points Nos. 55 and 60 indicated
that both channels went into warm-up mode for
80 seconds and then each channel was turned
TABLE 32
COMPARISON OF TELEMETRY READINGS FOR THE ELECTRONIC CLOCK
Station High Low Average
Woomera (DSIF-41)
Goldstone (DSIF-12)
Johannesburg (DSIF-51}
CCC-6 (Computer}
4.1
4.1
4.2
4.3
4.0
4.05
4.0
4.0
4.09
4.09
4.11
4.12
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on into full-power operation by the associated
Camera Sequencer. The telemetry data indi-
cated normal supply voltages and operating
temperatures for both channels. The Power
Amplifier cathode-current profiles for the
transmitters were almost identical to pre-
launch full-power tests, confirming a high-
power output for both channels. All telem-
etry indications for the TV camera equipment
were normal.
The telemetry data for the F-Channel Video
Combiner output indicated that the video out-
put was greater than expected. This data
point , No. 74 of the 90-point telemetry, meas-
ures the amplitude of the composite video
signal, which has a range of 1.5 volts from
sync tip to peak white for each camera, at
the video combiner output and indicates that
a video signal is being applied to the modu-
lator input. Its use to establish scene lumi-
nance is limited, because it monitors two
cameras that have a four-to-one difference
in their dynamic ranges and the data sample
had not been calibrated with the cameras.
The performance of the TV Subsystem telem-
etry was nominal throughout the mission. The
90-point commutator stopped on data point
69 at the end of the prelaunch test, and started
on the same point at terminal mode, signifying
no movement of the commutator during cruise
mode.
During the terminal mode there was amomen-
tary interruption oftheJPL-provided Channel-
8 analog telemetry for 13 seconds (day 83,
13:58:06 to 13:58:19 GMT); F- and P-Channel
telemetry were uninterrupted.
It can be stated that, during the 64 hours 31
minutes 18 seconds of the Ranger IX lunar mis-
sion, the Ranger TV Subsystem performance,
was normal. All operating parameters were
within design specifications, and all cameras
and systems exceeded specification require-
ments.
C. FLIGHT MODEL 111-4 (RANGER IX)
EQUIPMENT PERFORMANCE
1. General
Every aspect of the performance of the Flight
Model III-4 TV Subsystem during the Ranger
IX mission achieved or exceeded specifica-
tion requirements. The countdown, launch,
and cruise phases of the mission, as evaluated
from the 15-point telemetry, very closely
followed the predicted levels of operation.
The terminal phase of the mission, from the
initiation of warm-up until impact, produced
results which exceeded all expectations. A
terminal maneuver was performed which align-
ed the common optical axis of the cameraswtth
the spacecraft velocity vector, thereby allowing
excellent picture nesting and almost elimina-
ting image smear. The Electronic Clock was
reset by means of a RTC-5 command to allow
for the initiation of warm-up of the TV Sub-
system by means of a CC&S command at a
time which was essentially ideal to provide
area identification and also ensure continuing
operation until impact.
The performance of the Cameraequipment, as
well as that of the transmission link to Earth,
was evaluated from the mission film and
magnetic-_ape records. The received picture
quality far exceeded all expectations.
The thermal profile during the mission closely
approximated the predicted values. No ab-
normalities were experienced. It was noted
that temperature changes were experienced
during the terminal maneuver of the space-
craft. Since this is the first mission to employ
a terminal maneuver, no prior mission dataof
this nature has been previously available. The
evaluation of thermal control is based on the
received telemetry.
The communications equipment performance,
evaluated by picture quality, video signal
levels, and signal strength as measured during
the mission, was excellent.
Iii
The command and control equipment operated 
flawlessly throughout the Ranger IX mission. 
The power equipment including the batteries 
and the associated regulators performed equal- 
ly well during the Ranger M mission. No 
shortcomings in performance were detected. 
2. Camera Group 
The mission requirements of high-resolution 
pictures of the lunar surface and of picture 
nesting were achieved by the Ranger M Space- 
craft. 
The TV Subsystem sent back 5,866 pictures 
during the approximate 19-minute terminal- 
mode operation: 5,422 pictures were taken 
by the partial-scan cameras, and 444 pictures 
by the full-scan cameras. The images on the 
Fb and P 3  Cameras were being scanned at 
impact. Figures 64 through 68 show the ex- 
tent of information that was received from 
these cameras before impact. The minimum 
resolvable crater size in these pictures is 
given in Table 34. The minimum resolvable 
crater size in the last pictures taken by all 
of the cameras is given in Table 35. 
Figure 65. Ranger IX Final Fb-Camera Picture 
Figure 64. Ranger IX Final PI- and P3- Camera Pictures Taken 5.5 Seconds Before Impact (8.3 miles altitude) 
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Time Before 
Altitude Camera Impact 
(seconds) (feet) 
Fb 0.411 3267 
P 3  0.253 2000 
Figure 67. Ranger IX Final Fa-Camera Picture Taken 
2.97 Seconds Before Impact (4.5 miles altitude) 
Approximate Area 
Covered at 
Exposure (sq. ft.) 
Approximate Minimum 
Crater Diameter (feet) 
640 x 550 1.4 
250 x 225 2.5 
Figure 68. Ranger IX Final Three PI Camera Pictures 
(No. 3 Taken 0.453 Second Before Impact) 
The terminal maneuver aligned the common 
optical axis of the TV cameras along the 
spacecraft velocity vector, providing excel- 
lent camera nesting. An example of Fb Cam- 
era  nesting is shown in Figure 69. 
In general, the performance of the cameras 
during the mission was similar to that ex- 
perienced during tests. During the overall 
Ranger IX test cycle, shutter noise bursts 
were very prominent in the P1 and P2 Cam- 
eras  and were to a much lesser extent in the 
P3 and P4 Camera. These bursts appear a s  
short white segments in a particular line 
when they occur during the scan of video 
information. When a burst occurs during the 
clamp portion of a horizontal scan line, the 
video output for that line is driven to the 
black clip level and the entire line appears 
as a black line resulting in a loss of informa- 
tion. Throughout the Ranger M mission, the 
total effect of these shutter-induced noise 
bursts was  negligible. 
The Ranger IX Cameras maintained excellent 
resolution throughout the test cycle. An ex- 
ample of this performance is shown in Table 
36. This table shows limiting resolution as 
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TABLE 35
MINIMUM RESOLVABLE CRATER SIZE IN LAST COMPLETE PICTURES
Camera
Pl
P2
P3
P4
F a
F b
Time Before
Impact
(seconds)
0. 453
0.893
1.06
Altitude
(miles)
O.785
I.35
i.65
Approximate Area
Covered
155 x 115 ft.
310 x 275 ft.
1100 x 1000 ft.
Approximate Minimum
Crater Diameter (feet)
1.7
3.5
11.5
0.693
2.97
5.53
1.1
4.5
8.3
725 x 625 ft.
2.1 x 1.9 mi.
1.6 x 1.4 mi.
8.0
25
2O
determined from the camera response to
RETMA patterns, viewed via 35-mm film.
These tests were performed at JPL. The
results of the thermal-vacuum test were
selected as an example since the thermal-
vacuum test is the most severe of all tests
performed on the cameras.
During the mission, the camera performance
was equally outstanding. Examples of this
performance are shown in Figures 70 through
75. These pictures have A-scope presenta-
tions of a single horizontal line of video in-
formation, corresponding to the intensified
scan line on the scene picture. Adjacent to
the pictures of the oscilloscope traces are
indicated the approximate values of the scene
illumination. These values were determined
from the transfer characteristics obtained
during camera calibration. Vertical scale of
these pictures is equal to 250 mv/cm.
The excellent transient response of the cam-
eras can be seen in the steep, black-to-white
video transitions, as the strobe line passes
through a shadowed crater in many of the
pictures. The camera gains were set for
almost optimum lunar brightness as indicated
by the high-contrast pictures. At no time did
saturation occur.
Some performance defects, present during
testing, either did not occur during the mis-
sion or were so infrequent that they were
considered negligible. These were as follows.
• Shutter-Induced Noise Bursts: Noise
pulses, which appeared primarily in the
P1 and P2 Cameras, caused by an electro-
static discharge from the camera shutter
blade;
Mask Leakage: The P2-Camera mask
was not completely opaque, causing a
light leakage of approximately 2.5 percent
of scene luminance;
Nuvistor Microphonic Increase: The in-
crease in the nuvistor microphonics oc-
curring in the P1 Camera during the
latter test phases;
Chopper Spikes in the F a Camera Video
Signal: Power-supply chopper spikes,
which were traced to the ground of the
1000-volt mesh filter, occurring in the
Fa-Camera video signal;
Vidicon Microphonics: Vidicon micro-
phonics induced in the F a and P2 Cam-
eras by the P4-Camera shutter;
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4 TIMES SHOWN ARE TO IMPACT 
2 ' W  00 2' E 
2 's  
40 s 
6 O  S 
80 S 
100 s 
120s 
120 s 
20 w 0" 20 E 4 O  E 6'E 8' E 
Figure 69. Picture Nesting Achieved by Ranger IX Fb-Camera 
0 First  frame of the Fa Camera not ex- 
posed: The noise transient occurring at 
full-power turn-on would occasionally was in the wrong state. 
cause the trigger pulse to be applied to 
the shutter-drive multivibrator when it 
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TABLE 36 
CAMERA RESOLUTION DURING THERMAL-VACUUM TESTING 
Camera 
P1 
P2 
P3 
P4 
Fa 
Fb 
Door Test 
(Am bie n 1) 
(TVL) 
200 
225 
245 
260 
750 
775 
Thermal-Vacuum Test 
13" C (53" F) 
( T W  
200 
225 
210 
210 
7 25 
750 
zoo+ 
220 
245 
2 45 
775+ 
775+ 
r 
! , -  
Figure 70. Selected Line of Ranger IX F.-Camera Video 15 Minutes Before Impact 
T 
m 
-800 FT-L 5 
I 
- 
n 
-BLACK i 
1 
Figure 71. Selected Line of Ranger IX Fb-Camera Video 10 Minutes Before Impact 
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Figure 72. Selected Line of Ranger IX PI-Camera Video 5 Minutes Before Impact 
P 2  CAMERA- 
Figure 73. Selected Line of Ranger IX P2-Camera Video 7 Seconds Before Impact 
Figure 74. Selected Line of Ranger IX Fb-Camera Video 5.53 Seconds Before Impact 
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Figure 75. Selected Line of Ranger IX F,-Camera Video 2.97 Seconds Before Impact 
The erase characteristics of the Ranger M 
Cameras were as  follows: 
Camera Percent Erase 
P1 and Fb 98 
P2,  P3, and P4 97 
Fa 
The pictures obtained during the Ranger M 
mission revealed no evidence of residual 
information. 
Transfer characteristics for the six flight 
cameras a re  shown in Figures 76 and 77. 
Some significant improvements in the per- 
formance of Flight Model 111-4 over previous 
flight models were as  follows: 
0 15-kc cross talk: In previous TV Sub- 
systems, cross talk was between 50 and 
80 millivolts; in Flight Model 111-4, it 
was less than 10 millivolts. This was 
achieved through experience gained in 
the grounding and harnessing in the 
previous flight models; 
0 Mesh: Five of the six vidicons of Flight 
Model 111-4 were equipped with the 1500- 
line mesh electrode. Modulation of the 
read beam by the mesh was almost 
negligible, An improved signal-to-noise 
ratio was realized. The excellent signal- 
to-noise ratios for the Flight Model 111-4 
cameras were: 
95.5 
Camera Signal-to-Noise Ratio (db) 
P 1  36 
P2  30.5 
P3 and Fa 35.5 
P 4  35.6 
34 Fb 
0 Reduction of low-frequency video am- 
plifier noise: Low-frequency noise 
sources, such as zener diodes, were 
selected for minimum noise contribu- 
tion. 
Although performance of the TV Subsystem 
during the Ranger IX mission was excellent, 
the following characteristics on Flight Model 
111-4 were somewhat objectionable. 
Differences in shutter exposure times: 
The P3 and P 4  cameras had timing dif- 
ferences in the in-out shutter strokes. 
During calibration of these cameras, 
the difference in video output was found 
to be approximately 80 millivolts. Dur- 
ing the mission, the P3 Camera had ap- 
proximately a 60-mv difference, and the 
P 4  Camera had approximately a 50-mv 
difference in video amplitude due to 
shutter speed variations. 
0 Shading: The nonuniform e 1 e c t r i c a 1 
charge distribution over the target area 
(shading) has been a persistent camera 
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Figure 76. Light-Transfer Characteristics Curves for the Ranger IX Full-Scan Cameras
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Figure 77. Light-Transfer Characteristics Curves for the Ranger IX Partial-Scan Cameras
119
problem which recently has been greatly
improved by modifying the vidicon con-
struction and optimizing the location of
the vidicon in relation to the yoke.
3. Thermal Control Group
a. FLIGHT TEMPERATUREPREDICTIONS
The thermal configuration of the Ranger IX
TV Subsystem is identical to that of the
preceding Ranger Subsystems. The same meth-
ods were used to predict the flight tempera-
tures of major parts of the Subsystem. Pre-
dicted and telemetered results are summarized
in Table 37.
Measurements indicated that an area of Fin B,
on the -Y side of the shroud had absorptivity
readings as low as 0.37 (below standard).
The predicted temperatures for the fin in-
dicated a decrease in cruise mode tempera-
ture of less than 1° F when the substandard
area was taken into consideration. Repainting
(at ETR) was not considered necessary since
the Ranger VIII flight temperatures were ap-
proximately 5 ° F higher than nominal. There-
fore, because of the difference in the solar
constants in February and March the Ranger
IX fin temperatures were expected to be 3 to
4 ° F higher than nominal.
c. SUMMARY
b. THERMAL-CONTROL PAINTS APPLIED TO
RANGER IX
The paints used on the fins of the Ranger IX
TV Subsystem were a mixture of PV-100 white
paint and MIL-E-5557 type III black paint and
are identified as light gray (RCA Drawing
1758619-29) and dark gray (RCA Drawing
1758619-30), respectively. Mixtures of the
gray paints were prepared in November 1964
for use on the Ranger IX TV Subsystem. In
an effort to obtain the same flight tempera-
tures on Ranger IX as occurred on Ranger VII,
the solar absorptivities of the paints were de-
creased. This decrease allowed for the
increased solar constant at the time of the
anticipated March launch. The desired values
of solar absorptivity for the Ranger IX paints
were 0.48 and 0.67 as compared with 0.51
and 0.71 for Ranger VII. Samples of the paint
were sent to JPL for measurement at STL.
The spectral-measurement history of these
paints, which were used in the final finishing
of the thermal shroud, is given in Table 38.
Measurements of absorptivity at ETR on the
Ranger IX thermal shroud fins were obtained
using the Lion Model 25A portable reflectom-
eter and the RCA calibration standards. The
accuracy of this reflectometer is estimated to
be _-5 percent.
Temperatures of the five points monitored dur-
ing cruise mode were all within 6° F of the mid-
point of the predicted range of stabilized
cruise-mode temperatures. Thus, the tempera-
tures of the spacecraft were within the range of
desirable temperatures for the initiation of
terminal operation as verified during a number
of tests at this same level. A comparison of
test temperatures and flight temperatures for
the same period of operation are listed in
Table 39.
4. Telecommunications Group
Evaluation of telecommunications performance
during the Ranger IX mission is based on the
RF power transmitted by the F- and P-Channel
transmitters. The data obtained during the Ran-
ger IX mission indicated that communications
performance compared closelywiththe results
of prelauneh system tests, whichwere nominal.
This section describes the techniques thatwere
employed to measure the RF power received
at the ground station for each channel and the
methods employed to infer the level of the
power that was transmitted from the TV Sub-
system Four-Port Hybrid. The results of the
different power-measuring techniques vary by
4-1 db; however, this is of no consequence,
since the received RF signal level was 10 db
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TABLE 38
SPECTRAL-MEASUREMENT HISTORY
Paint
Description
Absorptivity
Measured By
Design
Absorptivity
Values
Desired
Samples
Painted
at RCA
(Nov. 1964)
Samples
Painted
During
Painting
of RA-9
Fins at
JPL
RA-9 Fins
Measured
with Portable
Reflectometer
at ETR
Light Gray RCA 0.48 0.49 0.49 0.49
RCA 1758619-29 JPL/STL 0.51 -- 0.52 --
0.67
0.71
RCA 0.65
JPL/STL
0.65
0.69
Dark Gray
RCA 1758619-30
]
0.65
above receiver threshold. At such a strong
signal level, the peak-to-peak signal-to-rms
noise ratio was approximately 40 db, and no
degradation of picture quality would have oc-
curred as the result of a 2-db decrease in the
received signal level.
a. RF POWER OUTPUT DURING TERMINAL MODE
Three techniques were used to measure the
RF power output of the F- and P-Channel
transmitters during the terminal mode of
the Ranger IX mission. RCA used two tech-
niques: one employing a spectrum analyzer,
and the other employing a diode detector.
The third technique, used by JPL, employed
a filter system.
(1) Spectrum Analyzer
One of the outputs of the 30-megacycle isola-
tion amplifiers at the Pioneer site was con-
nected through a directional coupler to a spec-
trum analyzer as shown in Figure 78. A signal
generator was connected to the output of the
directional coupler so that the signal generator
input to the spectrum analyzer was reduced
17 db. The highly directional characteristics
of the coupler and the degree of isolation of
the amplifier were sufficient so that the gen-
erator signal did not interfere with the JPL
or the RCA receivers. This technique, which
was used in all system tests and produced
results within *0.5 db, depends on the scope
persistence to allow the determination of
peak amplitude. This exists only when there
is no video. The F-Channel peak amplitude is
easier to read than the P-Channel amplitude
since it is modulated at a much slower rate
than P-Channel. P-Channel peak amplitude is
usually read 1 db below normal when the P-
Cameras are fully modulated. The calculated
power profile is given in Table 40. The power
output of the Four-Port Hybrid was calculated
by measuring the relative peak level of the F-
or P-Channel signal with respect to the peak
amplitude of the JPL beacon, and adding this
to the known JPL RF level at the output of
CASE II (telemetry address 56) and to the
known loss from the Four-Port Hybrid to the
output of CASE II {0.99 db). The maximum
power of 27.1 watts for F-Channel during the
mission was equal to the F-Channel power
obtained during camera calibration with both
channels operating. The calibration data used
for comparison was taken duringtheprelaunch
test. During tests, the F-Channel power has
consistently maintained a maximum level for
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TABLE 39
RA-9 TEST TEMPERATURES vs FLIGHT TEMPERATURES
Telemetry
Point
Location
111-4
Test,
Cruise
Mode
111-4
Test,
19Min
Full
Power
111-4
Test,
30 Min
Full
Power
P-Channel Battery, Internal
F-Channel Battery, Internal
P-Channel Battery, External
F-Channel Battery, External
Fa-Camera Lens Housing
Camera Mounting Brkt.
Camera Electronics
Thermal Shroud Hat {-Y}
Thermal Shroud Lower (-Y)
Thermal Shroud Lower (+Y)
Bulkhead Near P-Channel PA
Bulkhead Near P-Channel PA
Deck 5(-X, _Y}
Deck 4 (+Y)
Deck 4 (-Y)
RA-9
Flight,
Stabilized
Cruise
Mode
Prediction
°C °F °C °F °C °F °C °F °C
26 79 28 82 30 86 22 72 26
+5 +10
26 79 28 82 30 86 ......
24 75 27 80 30 86 ......
24 75 27 80 30 86 ......
24 75 24 75 24 75 15 58 17
.+5 +10
23 73 23* 73* 21" 70''--
27 80 32 89 36 97 18 64 21
+5 +10
22 71 16' 61" 13" 55* 25 77 26
+5 +10
26 79 25* 77* 28* 82* 21 70 25
+5 +10
27 80 22* 71" 26* 79* --
27 80 40 104 49 120 --
27 80 46 115 46 133 --
22 71 25* 77* 30* 86* --
28 82 26'179" 31' 88* --
!
28 82 27"]80" 32* 89* --
I
*Input heaters turned off during full-power operation negates true readings in the area.
RA-9
Actual
Flight,
Stabilized
Cruise
Mode
oF
78
63
7O
79
76
RA-9
Impact,
19 Min
Full
Power
°C oF
28 83
28 82
29 84
22 72
27 80
25 77
24 76
28 83
42 108
41 106
50 122
35 95
39 102
30 85
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Figure 78. Diode-Detector Technique of Terminal-Mode Power Measurement
20 minutes. Therefore, the decrease in power
to 22.6 watts at impact minus 5 minutes ap-
peared to be due to a change in maser pass-
band. The postimpact calibration indicated that
the F-Channel output was down 1.86 db relative
to the JPL beacon. The preimpact calibration
was down 0.45 db.
A maximum power output of 20.9 watts for
P-Channel was 0.9 db lower than the 25.6
watts expected because of reading P-Channel 1
db lower than normal. The premission cali-
bration indicated that P-Channel was down 0.2
db from the JPL beacon; the post-impact cali-
bration was down 0.45 db.
(2) Diode-Detector Power Monitor Technique
This technique measured and recorded the
signal levels from the F- and P-Channel
transmitters on the spacecraft as referred
to the maser input. It was thought that this
technique would be an accurate means of
calibration; however, the varying passband
and gain of the maser amplifier reduced its
accuracy. The strip-chart recordings show a
smooth power profile for both transmitters for
the entire 19 minutes of full-power opera-
tion. The only small variations recorded oc-
curred when the Echo ground transmitter
stopped transmission and when a gradual fre-
quency change occurred at impact minus ten
minutes because the power recording is a
function of frequency.
A block diagram of the diode detector tech-
nique is shown in Figure 78. The detector
was connected as shown in Figure 79. Two
of these detectors were physically incorpor-
ated in the Dual Channel Limited Amplifier.
The DC output from the detector varies as a
function of RF signal strength since no limit-
ing occurs before the point at which the RF
signal is detected. The DC signal is ampli-
fied in a Sanborn Model 150-1000A Amplifier
which actuates a pen on the Sanborn Model
154-100B Recorder. A readout is obtained for
each channel.
Calibration was accomplished by feeding the
output of a signal generator (set to the center
frequency of the appropriate channel) through
the path marked "C" in Figure 78. The loss
through the path from the maser to the RCA
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Figure 79. Diode-Detector Circuit
OSE was supplied by JPL. Based on an ex-
pected nominal mission level of -96.5 dbm,
the required signal generator output level
setting was obtained as follows:
Loss, maser to RCA OSE 44.51 db
Loss, signal generator cable 1.00 db
Total loss 45.51 db
Nominal mission signal level
at maser -96.5 dbm
Signal generator setting for
nominal signal -51.0 dbm
The gains of the DC amplifiers were adjusted to
provide a readout at about 3/4 scale on the
recorder chart for a -96.5 dbm input level to
the maser. The recorder was also calibrated
in 1 db intervals for 4-3 db. A calibration of the
measuring equipment was performed just prior
to ground-station acquisition of the spacecraft
(warm-up minus 1.0 hour) andwithin 9 minutes
after impact.
Coincident with the above calibrations, the
bandwidth of the input to the maser and the
maser gain were checked by JPL personnel.
The input to the maser bandpass curve changed
radically from preaequisition to postimpact.
Since the vertical scale of the spectrum
analyzer was calibrated from the same source,
the observed RF signal relative to the JPL
beacon signal was 2.5 db lower than expected.
Therefore, when both F- and P-Channels ap-
peared to be above nominal, it was an ex-
pected result. F-Channel reached a maximum
of nominal plus 2.5 db and P-Channel, nominal
plus 1.83 db. It was realized that adiserepancy
did exist. However, since this calibration was
performed close to the time of TV Subsystem
turn-on, it was decided not to recalibrate.
(3) Telemetry Verification
The telemetry indicated that both F- and P-
Channels achieved nominal power output. F-
and P-Channel IPA cathode currents were
also normal.
b. TRANSMITTERS
(1) Center Frequency
The center frequencies obtained during the
mission, given in Table 41, are very close
to those obtained on launch day. For approxi-
mately 30 seconds at Impact minus 10 min-
utes, there were variations of ±15 kc as the
operator manually tuned the ground local
oscillator, which was performed after the
ground transmitter stopped transmission be-
cause of an overloaded circuit breaker. The
final local oscillator settingwas approximately
12 kc below nominal.
(2) Frequency Stability
The frequency of the F-Channel carrier sig-
nal drifted 5 kc during the 19-minute full-
power mode, as expected. The center frequency
126
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TABLE 41
CENTER FREQUENCIES OBTAINED DURING THE RA-9 MISSION
T-0 *
T+1'20
T+2,20 ''
3'20"
4'20"
5'20"
6'20"
7'20"
8'20"
8'50"
9'50"
(i)
Time
1-20"*
FP+0
FP+I
FP+2
FP+3
FP+4
FP+5
FP+6
FP+7
FP+7.5
FP+8.5
FP+ll I-8
I-7
I-6
I-5
I-4
I-3
I-2
I-1
I
Sync Tip
(volts)
-0. 904
-0. 886
-0. 886
-0. 892
-0. 893
-0. 895
-0. 896
-0. 896
-0. 894
-0. 896
40 mv
-0. 855
-0. 855
-0. 855
-0. 855
-0. 851
-0. 849
-0. 851
-0. 850
-0. 850
Center
Frequency
Drift (-I-kc)
-i0.1
+40.1
+40.1
+20.3
+20.0
+i0.4
+i0.2
+i0.2
+10.7
+10.2
Sync Tip
(volts)
-0. 880
-0. 880
-0. 880
-0. 871
-0. 868
-0. 864
-0. 856
-0. 852
-0. 852
-0. 850
+12
+13
+13
+13
+13
+14
+15
+14
+14
+14
+49 mv
-0. 801
-0.795
-0. 791
-0. 787
-0. 785
-0. 780
-0. 775
-0. 771
-0. 766
Center
Frequency
Drift ( ± kc)
+50.8
+50.8
+50.8
+80.4
+90.3
+100.4
+120.8
+14
+14
+15
+14
+29
+30
+32
+33
+33
+35
+36
+37
+39
*T= Warm-up= 134h 8m 13s after launch
**I = Impact
(1) Ground Transmitter shut off due to circuit breaker at ]-10 minutes.
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of the P-Channelcarrier signal was 20kc
abovenominal,as expected.
(3) Deviation
Deviation of the F- and P-Channel carriers
was normal.
(4) Frequency Response
The F- and P-Channel frequeney responses
were normal.
c. TELEMETRYASSEMBLY
(1) CruiseMode
All telemetry components performed nominally
during cruise mode. The 15-point telemetry
contained some noise due to interchannel modu-
lation; however, it did not introduce an error
exceeding one percent.
(2) TerminaI Mode
The frequency of the F- and P-Channel 225-kc
VCO's were within the linear range of 225-kc
discriminators in the ground station. The 15-
and 90-point telemetry data, as received from
the F- and P-Channel transmitters, were ac-
curate and free of noise. The maximum dif-
ference between functions that were common to
the telemetry broadcast over the 15-point
F-Channel 225-ke VCO and the telemetry
broadcast over the 90-point P-Channel 225-kc
VCO (or Channel 8 JPL beacon) was one per-
cent, which is excellent for a system that was
designed to operate within _5 percent.
5. Controls Group
a. SATISFACTION OF MISSION REQUIREMENTS
The operation of the TV Subsystem command
and control circuitry was normal during the
Ranger IX mission. The TV Subsystem Clock
was inhibited by an RTC-5 command after the
start of the terminal maneuver. The TV Sub-
system turn-on was then initiated by the CC&S
(TV-2) command. Full-power operation was
initiated by outputs from the F- and P-Channel
80-second timers in the Sequencer Assembly.
No irregular or anomalous operation of the
Controls Group was observed throughout the
mission.
Some functions of TV command and control,
such as F- and P-Channel turn-off by RTC-5,
TV warm-up via command RTC-7, and the
free-run capability of the Pl Camera, were
not exercised, and no statement can be made
concerning performance in these areas.
b. CLOCK INHIBIT PHILOSOPHY
The performance of the midcourse maneuver
was delayed to allow for more accurate cor-
rection of the spacecraft trajectory. As a re-
sult of this delay, the TV Subsystem Clock
would have turned on F-Channel earlier than
desired. The decision to send an RTC-5 com-
mand and turn off the Cloekwas made by SDAT
as a result of the following considerations:
• Little, if any useful information could be
obtained from an early F-Channel turn-on
via the Clock.
• Ranger VIII had a noisy P-C amera, during
a 23-minute full-power mission, which
was attributed in part to the length of
operation of the cameras and, conse-
quently, to the higher operatingtempera-
ture.
• F-Channel full-power operation for 43
minutes could have resulted in a higher
temperature than experienced during any
Ranger IX testing for the F-Channel IPA.
However, this higher temperature would
have been within the designed capability
of the transmitter.
• Optimum picture quality was desired. It
was felt that the cameras wouldprobably
perform satisfactory during a 43-minute
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F-Channel and 10-minute P-Channel full-
power mission with little degradation,
but a shorter mission was preferred.
With no real benefit of an early F-Channel turn-
on and the possibility of minor degradation with
the longer mission, an RTC-5 command was
sent to inhibit the Clock.
c. EVALUATION OF PERFORMANCE
(1) Electronic Clock
The performance of the Clock during the Ran-
ger IX mission was satisfactory. The Clock
was started by a microswitch closure that
occurred when the spacecraft separated from
the Agena.
All Clock telemetry pulses up to an including
the 48-hour pulse occurred within the specified
time limits. The Clock was turned off by an
RTC-5 command after the start of the terminal
maneuver. Telemetry confirmation of Clock
turn-off occurred after RTC-5 verification by
JPL.
The nominal and actual elapsed time of each
Clock telemetry pulse is given in Table 42.
If an RTC-5 command had not been sent,
Clock turn-on, determined by extrapolation,
would have occurred at 63 hours 31 minutes
13 seconds elapsed time (or 73 seconds later
than nominal), which is within the allowable
5-minute tolerance.
Comparison of flight and test performance of
the Clock is given in Table 43.
(2) Sequencer 80-Second Timer Circuits
The F- and P-Channel 80-second timers in
the Sequencer Assembly operated properly
during the mission. The timers were started
at TV Subsystem warm-up upon receipt of the
warm-up command from the Spacecraft Bus
as part of the terminal maneuver sequence.
Timer periods observed during the mission
are given in Table 44.
Comparison of flight and test performances for
the F- and P-Channel 80-second timers is
given in Table 45.
TABLE 42
PREDICTED AND ACTUAL ELAPSED TIME OF CLOCK TELEMETRY PULSES
Telemetry Pulse
Start
(Agena Separation)
GMT
21:52:26 S+0
Elapsed Time from Clock Start
Actual* Nominal
S+O
1
2
3
4
5
05:52:32
13:52:47
21:52:54
05:53:01
21:53:28
S+8 hr 10 sec
S+16 hr 21 sec
S+24 hr 28 sec
S+32 hr 35 sec
S+48 hr 1 rain 2 sec
S+8 hr
S+16 hr
S+24 hr
S+32 hr
S+48 hr
*Measurement accuracy is plus O, minus 15 seconds.
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TABLE 43
COMPARISON OF FLIGHT AND TEST PERFORMANCES OF ELECTRONIC CLOCK
Test Temperature Date Performance*
AED Simulated Mission Test
(Thermal -Vacuum}
JPL Mission Test No. 1
(Thermal -Vacuum}
ETR Clock Test
Mission
*Measurement accuracy is plus O, minus
59 ° F to 95 ° F
98 ° F
78 ° F
70 ° F
15 seconds.
**Extrapolated with an accuracy of +10 seconds.
11-27-65
1-22-65
2-26-65
3-24-65
63.5 hr + 56 sec
63.5 hr - 10.5 see
63.5 hr + 36 sec
63.5 hr + 73 sec**
TABLE 44
80-SECOND TIMER PERIODS DURING RA-9 MISSION
Timer
P-Channel
F-Channel
Start
Warm-up
(GMT)
13:48:13.5
13:48:13.5
Start
Full Power
(GMT)
13:49:33.8
13:49:34.8
Timer Period
(seconds)
80.3
81.3
TABLE 45
COMPARISON OF FLIGHT AND TEST PERFORMANCES OF F- AND P-CHANNEL
80-SECOND TIMER
Test
Flight Acceptance
Test
RA-9 Actual Mission
*Accuracy is+5 °F
Temperature (°F)
31
132
85*
Date
5-1-64
Timer Period (seconds)
P-Channel
79.1
80.3
80.3
F-Channel
81.3
80.9
81.3
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(3) Command Control Unit (CCU)
Operation of the CCU was normal during the
mission. Cruise-mode turn-on was initiated
prior to the launch by a Cruise-On Test
command through the umbilical connector.
The operation of the Clock 32-hour enable
relay circuit was verified by the reset of the
Clock during the terminal maneuver sequence
through the use of an RTC-5 command.
(4) Distribution Control Unit (DCU)
The DCU operated satisfactorily during the
mission. The Clock power relay circuit func-
tioned normally. Since the TV Subsystem per-
formance was without failure, the fuses in the
DCU that could have protected portion of the
Subsystem in the event of a failure were not
needed.
(5) High-Current Voltage Regulator (HCVR) Control
Module
All portions of the control module in the F-
and P-Channel HCVR's, whichwereexercised,
performed normally, ffhe fail-safe turn-on
features incorporated in this module functioned
properly.
6. Power Group
The Power Group of the Ranger IX TV Sub-
system consisted of the F- and P-Channel
Batteries, the F- and P-Channel High-_ur-
rent Voltage Regulators (HCVR), and the
L_w-Current Voltage Regulator (LCVR). The
performance of all assemblies of the Power
Group was normal during the Ranger IX
mission.
a. BATTERIES
The F- and P-Channel Batteries performed
nominally throughout the mission. Figure 80
shows the budgeted and expended power capac-
ities of the F- and P-Channel Batteries for
each phase of the Ranger IX mission. Capaci-
ties of 29.1 ampere-hours and 34.2 ampere-
hours were budgeted for the F- and P-Channel
Batteries, respectively. Of that amount, 12.5
ampere-hours and 21.8 ampere-hours for the
respective batteries were expended during the
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Figure 80. Ranger IX F- and P-Channel Budgeted and Actual Battery Capacities
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mission. F-Battery temperatureswere be-
tween 79 and84° F throughout the mission.
This range is within the specified limits and
is the ideal operating temperature range for
the batteries. P-Battery temperatures, as
given by the 90-point telemetry during termi-
nal mode, were between 87 and 96 ° F. How-
ever, this point was erratic prior to launch.
From the results of the Ranger VII and Rang-
er VIII missions, it was found that all battery
thermistors were within several degrees of
one another. Since three of the four thermis-
tors were within 2 degrees of each other and
since the erratic thermistor varied from the
group by 9 to 12 ° F, this reading was dis-
credited.
F- and P-Battery voltages obtained during
cruise mode by the 15-point telemetry are
shown in Figure 81. The F-Battery voltage
and current from the start of terminal man-
euver to impact are shown in Figure 82. The
portion of the mission from the start of
terminal maneuver to TV Subsystem turn-on
was obtained from 15-point telemetry; the
portion from Subsystem turn-on to impact
was obtained from 90-point telemetry. P-
Battery terminal voltage and current are shown
in Figure 83.
The F-Battery voltage was approximately
36 volts at launch, under a no-load condi-
tion. From Clock start, at launch plus 15
minutes, to TV Clock disable, at approxi-
mately 30 minutes before TV turn-on, the
F-Battery supplied 0.040 ampere for Clock
operation. Just prior to Clock disable, the
F-Battery voltage was 34.8 volts. At Clock
disable, the 0.040-ampere load was removed
and the battery voltage increased to 35.3 volts.
At warm-up, the current drain on the F-
Battery was 7.8 amperes and the voltage was
38-
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33.2 volts. In full-power operation, the F-
Battery current drain was 12.5 amperes and
the voltage was 32.6 volts. P-Battery supplied
0.160 ampere for cruise-mode telemetry from
launch minus 15 minutes, in the countdown, to
Subsystem warm-up. P-Battery voltage at
launch was 34.9 volts. Just prior to Sub-
system warm-up, P-Battery voltage was 34.7
volts. At warm-up the current drain was 8.6
amperes and the voltage was 32.8 volts. At
full power, the current drainwas 14.3 amperes
and the voltage was 32.5 volts. The battery
specification is a minimum of 30.45 volts.
b. VOLTAGE REGULATORS
The output of the Low-Current Voltage Regu-
lator (LCVR) was constant at 27.5 volts from
launch to Subsystem turn-on. At turn-on, the
voltage dropped to -27.4 volts because this
regulator supplied part of the 90-point telem-
etry load. Design specifications for the I_ow-
Current Voltage Regulator call for an output
voltage of -27.5 -_0.5 volts. The output of the
F- and P-Channel High-Current Voltage Regu-
lators (HCVR) was -27.7 and -27.6 volts,
respectively. Both regulators were within de-
sign specifications of -27.5 4-0.5 volts.
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Section VI
Conclusions
The performance of the Ranger TV Subsystems
equaled or exceeded all of the mission re-
quirements imposed upon the design. A num-
ber of factors can be concluded as contributing
to the success of the Ranger TV Subsystem
missions. The following factors were pri-
marily responsible for this outstanding sci-
entific accomplishment:
• RCA Management Approach
• Institution of a Program of Test Models
of the TV Subsystem
• Extensive Testing Program
• Redesign and Rework Program Following
Ranger VI
• Reliability and Quality Assurance Pro-
grams
• Actual Operation of Flight Equipment
The Management Approach taken by RCA in
establishing a Ranger TV Subsystem Project
Office at the Astro-Eleetronics Division,
Princeton, New Jersey, centralized the over-
all project-effort direction and responsibility.
The Project Office defined the technical tasks
to be performed, allocated and monitored the
tasks given to the various skill groups within
AED and other contributing RCA Divisions,
provided all necessary liaison between the
Project Office and the skill groups and the
other RCA Divisions, and performed all re-
quired liaison with the Jet Propulsion Labo-
ratory, Pasadena, California. Thus, the Project
Office maintained a constant coptinuity of effort
throughout the project. In addition, resi-
dent JPL personnel were established at RCA
as were RCA personnel at JPL. This approach
provided an efficient organization capable of
performing the management tasks necessary
for a project of this type.
The plans incorporated in the TV Subsystem
project for the early assembly of test models
of the Subsystem were proven to be well
founded. These test models were as follows:
• 2 Mechanical Test Models (MTM);
• Engineering Test Model (ETM);
• Thermal Control Model (TCM);
• Life Test Model (LTM);
• Proof Test Model (PTM);
The_se models of the Subsystem were available
early in the project and permitted the ex-
tensive testing and evaluation of the various
designs at all stages of the project. These
models permitted the early verification of the
basic Subsystem design, and later provided a
means of incorporating and testing modifica-
tions prior to their incorporation into the
Flight Models. The availability of these
models also permitted JPL to determine the
procedures for integration of the TV Subsystem
with the Ranger Spacecraft Bus in advance of
the delivery of the actual Flight Models.
Following the failure of Ranger VI, the Proof
Test Model was used to incorporate the design
changes for the modified split-system con-
figuration to determine modification
compatibility and feasibility without use of
the Flight Models. The modifications proven
through testing could then be incorporated on
the Flight Models with no attendent loss of
time. The close liaison which existed between
RCA and JPL personnel during the early por-
tions of the project, and the continuityofeffort
and personnel, were responsible for facilitating
the major redesign and rework portion of the
project on the PTM. Almost all personnel
participating in this project had a thorough
understanding of the TV Subsystem design,
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the Assemblies,andtheproblemsthathadbeen
encountered.Thus,virtually notime waslost
in indoctrinatingthepersonnelatRCAandJPL
to thedesignandthenecessarymodifications.
Theavailabilityof JPL personnelat RCA,and
the sameavailabilitybyRCApersonnelatJPL,
permittedasmooth,rapid,andthoroughrework
of thevariousassembliesinvolved. Thus,the
reworkprogramwascompletedin aminimum
amountof time.
Thereliability andqualityassuranceprograms
which RCA institutedat the beginningof the
TV Subsystemproject wereimplementedatall
stagesof theproject. Reliabilitymodelsofthe
major assembliesand of the Subsystemwere
madeanddetailedparts analysisandfailure
mode and effects studies performed. The
quality assuranceprogram included an ex-
tensiveeffort in monitoringall subcontractors
supplyingequipmento RCA.Designintegrity,
mean time betweenfailures, parts counts,
parts selection,andassignedconfidencelevels,
all werean integralpart of the reliability and
qualityassuranceprograms.
Theconclusioncanthereforebedrawnthatthe
"text-book" performancesof RangerVII, VIII,
and IX demonstratesthat RCA's approachto
andimplementationof theRangerTV Subsys-
tem project was a completeand unqualified
Success.
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